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SUMMARY 
 
Scleroderma, a genus of ectomycorrhizal (ECM) fungi, is often associated with 
trees  in  disturbed  habitats  and  is  therefore  considered  to  be  suitable  for  use  in 
plantation  forestry.  This  study  investigated  aspects  of  Scleroderma  and  its 
mycorrhizas with the view to its future use in plantation forestry in south China. 
Spores were chosen as inoculum as they are preferred by nursery managers in south 
China, due to the lack of on-site fermentation and storage facilities. 
To determine the need for inoculation, Eucalyptus plantations in south China 
were sampled for sporocarps and mycorrhizas over two years. This study revealed a 
low  diversity  of  ECM  fungi  consisting  of  15  taxa  fruiting  beneath  Eucalyptus 
plantations. The most common genera were Scleroderma and Pisolithus, but they 
were infrequent and the extent of root colonization was poor. Bioassay trials with E. 
urophylla as a bait host, using soils collected from 8 eucalypt plantations, confirmed 
low levels of inoculum in field soil. It was concluded that introduction of suitable 
ECM symbionts into eucalypt nurseries in south China is desirable in the future. 
As the Scleroderma genus has not been well studied in Australasia or SE Asia, 
over 140 collections gathered mainly from eucalypt plantations in south China and 
south-western  Australia  were  described  using  sporocarp  and  spore  morphology. 
Twelve  Scleroderma  taxa  were  recognized  from  collections  made  from  under 
eucalypt plantations in south-western Australia and 6 of these were collected from 
under eucalypt plantations in south China. In conjunction with classical taxonomy, 
30 collections, including those used in inoculation trials, were further characterized 
by phylogenetic analyses of ITS or LSU rDNA sequences. These studies supported Summary 
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classical delineation of some Scleroderma species but not all. Although a limited 
number  of  collections  were  amplified,  phylogenetic  results  showed  that  most 
collections  in  this  study  were  distinct  from  the  European  and  Malaysian  taxa 
extracted from GenBank (89% bootstrap support for both LSU and ITS regions). 
In order to optimise spore germination and root colonization, two glasshouse 
trials were established to examine suitable spore density and spore storage conditions 
on  E.  globulus  and  E.  urophylla.  A  spore  density  of  10
5  spores  seedling
-1  was 
identified as a suitable dose for promoting root colonization. Spores stored for 5 
years at low temperate (4 
0C) were almost as effective as freshly collected spores in 
forming mycorrhizas. 
As the compatibility of Scleroderma fungi with plantation trees is unknown, a 
glasshouse experiment examined the ability of 15 collections of Scleroderma to form 
mycorrhizas with seedlings of six plantation trees (Acacia mangium, A. mearnsii, E. 
globulus, E. urophylla, Pinus elliottii and P. radiata) in a nursery potting mix. Most 
collections were able to aggressively colonize eucalypts and pines, while roots of 
acacias were poorly colonized. As the Australian collections were more effective in 
colonizing short roots on eucalypts than the Chinese collections, it was concluded 
Scleroderma  should  be  sourced  from  outside  China  for  inoculating  eucalypts  in 
Chinese nurseries.   
To optimize nursery practices to meet the demand for high quality seedlings and 
clonal lines of E. urophylla and hybrids, for outplanting in south China, effects of 
rooting medium and inoculation with 6 Scleroderma collections on the growth of E. 
urophylla were examined in a nursery in south China. Four types of soil taken from 
eucalypt plantations in south China were compared to a potting mix composed of 
vermiculite,  peat  and  sand.  The  inoculant  Scleroderma  fungi  were  able  to Summary 
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out-compete  indigenous  mycorrhizal  fungi  in  the  rooting  media.  However,  the 
potting mix was superior to soils both for plant growth and ECM development under 
nursery conditions. 
This  research  should  facilitate  the  use  of  Scleroderma  spores  in  eucalypt 
nurseries in south China. Spore orchards could be set up in China using Australian 
Scleroderma spp. from under eucalypts. Spores could be stored dry at 4 
0C until they 
are required for inoculation in potting mixes in containerized nurseries. However, 
before commercial application, further work on persistence of Scleroderma in the 
nursery  and  field,  and  responses  of  trees  in  the field  to  inoculation,  needs  to  be 
undertaken. 
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CHAPTER 1 
 
INTRODUCTION, LITERATURE REVIEW AND THESIS AIMS 
 
 
 
Eucalyptus globulus 
(Dianchi Lake, Kunming, Yunnan, China; 
marked as the earliest introduction to China in 1890s) 
 Chapter 1 
Murdoch University 2006  - 2 - 
 
CHAPTER 1 
 
Introduction, literature review and thesis aims 
 
 
1.1 Introduction 
 
This thesis addresses aspects of the ectomycorrhizal fungal genus Scleroderma, 
and its symbiosis with plantation Eucalyptus species, with the view to  its use in 
nurseries in south China. The literature review that follows, therefore, focuses on 
plantation  forestry  in  south  China,  the  genus Scleroderma  and  the  application  of 
Scleroderma in forestry. This is followed by the aims and objectives of the thesis. 
Other topics are reviewed as required in subsequent chapters. 
 
1.2 Plantation forestry in south China 
 
1.2.1 Eucalyptus plantations 
Exotic trees in the Eucalyptus genus are important plantation species in south 
China, where the climate is conducive to high growth rates (Figure 1.1). Due to a 
large domestic demand for fuelwood, paper pulp, poles and sawn timber in China, 
the plantation area of these fast growing species is continuing to expand. Eucalyptus 
species  were  first  introduced  to  China  in  the  1890s,  but  large  scale  plantations 
commenced  only  in  the  1950s  and  a  further  boost  in  commercial  plantations  of 
eucalypts began in the mid 1980s when there was a switch in forest products from Chapter 1 
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mine  timbers  to  wood  chips  and  pulp  (Qi,  2002).  Widely  planted  species  in  the 
region include E. camaldulensis, E. citriodora, E. globulus, E. grandis, E. maidenii, 
E. robusta, E. tereticornis and E. urophylla. Among them, E. globulus, E. urophylla 
and a hybrid known as E. leizhou No. 1 are now the main plantation eucalypts in 
China and the plantation area is over 1.5 million ha (Figure 1.2). Wood harvested 
from short-term crops, usually 4-7 years, is primarily chipped for the pulp and paper 
industries,  and  some  wood  from  older  plantations  (such  as  5-8  years)  is  used  to 
produce  medium-density  board  and  to  make  furniture  (Figure  1.3).  Furthermore, 
leaves of E. globulus and E. citriodora plantations in Yunnan Province are harvested 
to extract essential oil. The importance of eucalypts in the emerging economies of 
China has been documented (Midgley and Pinyopusarerk, 1996). 
 
 
 
Figure 1.1.    General location of Eucalyptus plantations in south China. Eucalypt plantations have 
been established across large areas of south China (shaded areas on the map), including Guangdong, 
Guangxi,  Hainan  and  Yunnan  Provinces.  Some  cool-resistant  eucalypt  plantations  have  been 
introduced to parts of southern Fujian, Jiangxi, Hunan, Guizhou and Sichuan Provinces. Chapter 1 
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Figure  1.2.    Examples  of  some  fast- 
growing  eucalypt  species  planted 
commercially  across  south  China.  a. 
2-year  old  plantation  of  an  unknown 
clonal  line  on  Leizhou  Peninsula, 
Guangdong Province, where rotations of 
eucalypt plantations have been  managed 
with support of local research findings; b. 
5-year old E. grandis hybrid plantation in 
Dongmen Forest Farm, Guangxi Province, 
where  a  large  plantation  area  has  been 
established  with  technical  support  from 
Australia; c. 2.5-year old plantation of E. 
urophylla clonal lines in Lingao, Hainan 
Island. 
 
 
 
 
 
 
 
1.2.2 Other plantations 
In addition to eucalypts, exotic species of Acacia and Pinus play an important 
role in industrial plantations in China. Several commercial species of Pinus have 
a
b
c
a
b
cChapter 1 
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been introduced to south China, including P. caribaea, P. elliottii and P. taeda. It is 
estimated that there are over 150,000 ha of exotic pine plantations in south China 
(Jiang and Lu, 2000). Acacias were first introduced as plantation species in the early 
1950s (Bai et al., 1998). There are now over 60,000 ha in plantations, as well as 
3,000 km of roadside plantings (Wang and Fang, 1991). The main species are A. 
auriculiformis, A. crassicarpa, A. dealbata, A. mangium and A. mearnsii.   
 
 
Figure  1.3.    Leizhou  Forestry  Bureau 
has  pioneered  the  eucalypt  plantation 
industry  with  exotic  eucalypts  in  China 
since the 1970’s. a. Logs harvested from 
short-term rotations being unloaded at a 
local chip mill; b. Wood chips piled up for 
exporting to overseas markets through the 
Zhanjiang  International  Harbor;  c. 
Medium-density  board  produced  by  a 
local factory from fast-growing eucalypt 
timbers. 
 
 
 
 
 
 
 
 
a
b
c
a
b
cChapter 1 
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1.2.3 Plantation production 
Productivity in plantations is relatively low compared to plantation productivity 
outside China, and variable depending on site and silvicultural inputs. Productivity of 
eucalypts, for example, is only 20-50% of the world average and uneven with mean 
annual increments ranging from 5-50 m
3 ha
-1 y
-1 (Brown et al., 1997; Xu et al., 2000). 
Some species are also being used for revegetation of denuded uplands in some areas. 
Apart  from  poor  siviculture  management  of  eucalypt  plantations  in  south  China, 
impediments  to  productivity  include  abiotic  (e.g.  infertile  soil,  alkaline  soil)  and 
biotic (e.g. pathogenic  bacteria  and fungi) factors (Xu et al., 2000; Hardy et al., 
2003).  For  example,  the  soil  for  eucalypt  plantations  in  south  China  is  nutrient 
deficient and acidic, and often highly leached. Plantation productivity is therefore 
largely reliant on substantial input of fertilizers. 
 
1.2.4 Mycorrhizas of plantation trees in south China 
Mycorrhizas  are  highly  evolved,  mutualistic  associations  between  soil  fungi 
(Basidiomycetes,  Ascomycetes  and  Zygomycetes)  and  plant  roots  (most  vascular 
plants)  (Box  1.1).  Ectomycorrhizas  (ECMs)  are  common  associations  with  many 
woody plants and play important roles in nutrient transport and cycling (Box 1.2; 
Simard and Durall, 2004; He et al., 2005). The extent of their contribution to plants 
vary according to fungi and host species (Smith and Read, 1997).   
Most  commercial  tree  species  in  the  genera  Acacia,  Eucalyptus  and  Pinus 
predominantly form ECM associations (Chilvers, 1973; Chu-Chou, 1979; Malajczuk 
and  Hingston,  1981;  Azevedo,  1982;  Chu-Chou  and  Grace,  1982;  Marx,  1980; 
Colpaert et al., 1992; Brundrett et al., 1996; Rincόn et al., 2001; Founoune et al., 
2002; Duponnois et al., 2005). Acacias and eucalypts are also capable of forming Chapter 1 
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arbuscular mycorrhizas (Harley and Smith, 1983; Reddell and Warren, 1987; Chen et 
al., 2000a; Lodge, 2000) (Table 1.1).   
 
 
 
The diversity of ECM fungi is reported to be low in exotic plantations in south 
China  compared  to  plantations  in  their  indigenous  areas,  such  as  eucalypts  in 
Australia  and  pines  in  some  European  countries  according  to  some  observations 
(Chen et al., 2000b; Tan and Wang, 2000; Dell et al., 2002). However, further work 
is required to examine the diversity of putative mycorrhizal species fruiting under 
eucalypt  plantations  and  the  mycorrhizal  status  with  the  trees  in  south  China 
(Chapter  2).  Because  inoculation  with  appropriate  ECM  fungi  can  promote  tree 
survival and growth of eucalypt plantations in exotic lands (Grove and Le Tacon, 
1993;  Grove  et  al.,  1991;  Chen  et  al.,  2000c;  Xu  et  al.,  2001),  introduction  of 
suitable  ECM  fungi  to  eucalypt  plantations  in  China  may  be  desirable  if  their 
mycorrhizal status is poor. 
 
Box 1.1.    Mycorrhizal definition and diversity 
 
The  term  mycorrhiza  (meaning  fungus-root)  was  first  used  by  Frank  (1885)  to  describe 
associations between fungal hyphae and plant organs concerned with absorption of substances from 
soil (Harley and Smith, 1983; Hawksworth et al., 1995; Smith and Read, 1997; Read et al., 2000; 
Trappe, 2005). Brundrett (2004) states “A mycorrhiza is a symbiotic association essential for one or 
both  partners,  between  a  fungus  and  a  root  of  a  living  plant,  that  is  primarily  responsible  for 
nutrient transfer. Mycorrhizas occur in a specialised plant organ where intimate contact results from 
synchronised plant-fungus development”. 
Arbuscular mycorrhiza (AM) and ectomycorrhiza (ECM) are the two most common types of 
mycorrhizal associations. AMs are characterized by the presence of arbuscules (often with vesicles) 
in  root  cortical  cells  by  Zygomycete  fungi;  ECMs  are  characterized  by  a  sheath  or  mantle  of 
hyphae enclosing the root and a Hartig net of labyrinthine hypha penetrating between root cells by 
Basidiomycetes  and  other  fungi.  Other  mycorrhizal  types  include:  Ericoid  mycorrhizas 
(characterised by the fungal hyphal penetration of epidermal cells of the fine hair roots in the 
Ericaceae);  Orchid  mycorrhizas  (characterised  by  hyphal  coils  within  cortical  cells  in  the 
Orchidaceae); Ectendomycorrhiza (characterised by the formation of a sheath on the root surface, 
with  intracellular  penetration  in  epidermal  and  cortical  cells  by  ascomycete  fungi);  and  dual 
ECM/AM (ECM and AM associations in the same root system of a plant) (Hawksworth et al., 
1995; Smith and Read, 1997; Brundrett, 2004; Peterson et al., 2004) Chapter 1 
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Table 1.1.    Types of mycorrhiza reported for Acacia, Eucalyptus and Pinus
 1. 
 
  ECM  AM  Dual ECM/AM  Ectendomycorrhizas 
Acacia  √  √  √   
Eucalyptus  √  √  √   
Pinus  √      √ 
 
1 ECM  =  ectomycorrhizas,  AM  =  arbuscular  mycorrhizas.  Key  references:  Acacia  (Reddell  and 
Warren, 1987; Lee, 1990; Osonubi et al., 1991; Bâ et al., 1994; Lesueur and Duponnois, 2005); 
Eucalyptus (Reddell and Malajczuk, 1984; Brundrett et al., 1996; Chen et al., 2000a); Pinus (Yu et al., 
2001; Peterson et al., 2004) 
 
 
1.3 Scleroderma and its associations 
 
1.3.1 Biology of Scleroderma 
 
1.3.1.1 The genus 
The  genus  Scleroderma  Persoon  belongs  to  the  Basidiomycota,  order 
Sclerodermatales,  family  Sclerodermataceae.  The  genus  was  formally  erected  by 
Box 1.2.    Functions of ECMs relating to nutrient transfer to the host 
 
￿  Mineral  uptake:  ECM  fungi  are  actively  associated  with  enzymic  digestion  of  organic 
materials thereby releasing minerals. These organic forms of N and P are then absorbed by hyphae 
and  delivered  via  the  mycelium  to  the  root.  The  minerals  also  move  about  the  mycelium 
interconnecting different plants.   
￿  Control of mineral uptake: By forming a sheath around the root, ECM fungi may function as a 
filter of nutrients taken into the mycorrhizal root. The potential for control of nutrient influx has 
ramifications for both symbionts.   
￿  Mineral storage: The extensive mycelium and ECM tissue can function as a store of organic 
and mineral nutrients. The nutrients can be mobilised for further growth of both. 
￿  Movement  of  nutrient  in  the  fungus:  Following  acquisition  of  carbon  from  the  host, 
carbohydrates  move  into  the  mantle.  Some  carbon  is  then  immediately  transferred  into  the 
mycelium. 
￿  Transfer  nutrient  between  plants:  Carbon,  nitrogen  and  phosphorus  can  move  through 
connections  between  plants  by  fungal  mycelium.  Transfer  of  minerals  and  energy  through  the 
mycelium has been suggested to have importance for the survival of seedlings and achlorophyllous 
plants. Chapter 1 
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Persoon  (1801)  [Syn.  meth.  fung.  (Göttingen):  xiv,  150]  (Ainsworth  and  Bisby's 
Dictionary of the Fungi, 9
th Edition), and the type species is Scleroderma verrucosum 
(Bull.) Persoon. The main characters of the basidiomata that define Scleroderma are: 
i) the rigid peridium, ii) the nearly black gleba upon maturity, and iii) the coarsely 
reticulate to acutely spined basidiospores (Guzmán, 1970; Richter, 1992; Guzmán et 
al., 2004). The Scleroderma genus is described as follows. BASIDIOMA: globose, 
subglobuse, depressed-globose, obpyriform usually epigeous at maturity, sessile or in 
most species with a fascicle of ramified, mycelial filaments at the base. PERIDIUM: 
thick or thin, mostly coloured light yellow, yellowish brown to umber-brown, smooth, 
areolate squamose or warted tearing irregularly. GLEBA: consisting of a mass of 
spores permeated by tramal plates which persist until just before maturity, finally 
becoming  pulverulent,  white  when  immature,  later  black  with  a  purplish  tinge. 
BASIDIA: two- to four- spored, clavate to obpyriform. BASIDIOSPORES: globose, 
sometimes subglobose, large, pigmented, usually strongly echinulate or less often 
reticulated (Guzmán, 1970; Grgurinovic, 1997). 
The genus is cosmopolitan in warm temperate regions of the world and forms 
ectomycorrhizal associations with a wide range of plants (Section 1.3.1.4). Enzyme 
tests  suggest  the  genus  may  be  wholly  mycorrhizal  (Richter  and  Bruhn,  1989; 
Richter,  1992),  rather  than  partly  saprotrophic  as  once  proposed  (Šebek,  1953; 
Guzmán, 1970). Many species fruit in disturbed habitats (Figure 1.4) and have the 
potential  to  assist  in  land  rehabilitation  as  well  as  improving  the  productivity  of 
industrial tree estates. 
 
1.3.1.2 Species diversity 
Based on whether the spores are spiny, sub-reticulate or reticulate (Figure 1.5), Chapter 1 
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Scleroderma species are assigned to one of four sections: Section Aculcatispora (not 
reticulate), Section Caloderma (lightly reticulate with very slender and short spines), 
Section Sclerangium (sub-reticulate) and Section Scleroderma (complete reticulate) 
(Guzmán, 1970; Sims et al., 1995; Guzmán et al., 2004) (Table 1.2).   
 
a c
b d
a c
b d
 
 
Figure  1.4.    Examples  of  Scleroderma  species  fruiting  in  nutrient-poor  soils  under  Eucalyptus 
plantations. a-b: S. polyrhizum sporocarps in a doleritic red soil under a multiple rotation plantation of 
E. leizou No. 1 in Leizhou Peninsula; c: S. areolatum sporocarps on an acidic granitic sandy loam in 
Yangxi; d. S. meridionale on a sandy soil in Western Australia. The arrows indicate the sporocarps. 
 
Guzmán (1970) summarized 21 Scleroderma taxa under three sections. A new 
small indehiscent hypogeal species, S. paradoxum from Australia, was described by 
Beaton  and  West  (1982).  Based  mainly  on  spore  characters,  Sims  et  al.  (1995) 
revised and consolidated the available literature into a revised key to world species in 
this genus, in which 25 species were distinguished. Grgurinovic (1997) edited a key 
to six species of Scleroderma from South Australia, including a new description of S. Chapter 1 
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mayama. Two unnamed taxa in the key of Sims et al. (1995) were later named as S. 
cyaneoperidiatum (characterized by the very small size and blue coloration) and S. 
xanthochroum  (by  the  golden  yellow  to  fulvous  peridium  clothed  with  brown, 
pyramidal  warts)  (Watling  and  Sims,  2004).  A  new  species  (S.  bougheri)  was 
described from under Eucalyptus and Pinus plantations in South Brazil by Giachini 
et al. in 2000. The new section Caloderma was added later by Guzmán et al. (2004) 
to accommodate S. stellatum Berk. based on the structure of the echinulated peridium, 
formed by thick-walled brown hyphae (S. echinatum is a synonym of S. stellatum 
(Guzmán and Ovrebo, 2000). Guzmán et al. (2004) restudied S. stellatum and S. 
bermudense and considered these as two independent species. To date, 32 species of 
Scleroderma have been described, and an additional 9 species are being described 
from Australia (James Trappe, pers. comm.) (Table 1.2).   
 
a c b d a c b d
 
 
Figure  1.5.    Line  drawings  of  Scleroderma  basidiospore  ornamentation  showing  the  four  typical 
morphotypes of basidiospores in the genus. a. Echinulate (spiny while not reticulate); b. Verrucose 
(bumpy while not reticulate); c. Subreticulate (Partially reticulate); d. Reticulate (after Sims et al., 
1995; Kuo, 2004). 
 
Delineation of Scleroderma species has been based mainly on characters of the 
basidioma and basidiospore. In addition, cultural characteristics have been used to 
assist in identification of some Scleroderma species, including S. citrinum (Miller et Chapter 1 
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al., 1983), and S. arenicola and S. bovista (Hutchison, 1991). Mycelial characters of 
six  species  (S.  areolatum,  S.  bovista, S.  cepa,  S.  citrinum, S.  meridionale  and  S. 
polyrhizum)  isolated  from  juvenile  basidioma  tissue  were  further  described  by 
Richter (1992). Moreover, cultural characters, such as presence of clamp connections, 
hydrolytic  enzyme  activity,  and  polyphenol  oxidase  activity  (Hutchison  and 
Summerbell,  1990),  have  been  included  for  numerical  phenetic  methods  in 
systematics  study  of  ECM  agarics,  boletes  and  gasteromycetes  (Dickinson  and 
Hutchison, 1997). Although these classic morphological methods are widely used in 
taxonomic studies, more accurate tools are needed to define polymorphic species and 
species complexes in Scleroderma.   
So  far,  there  has  been  only  limited  use  of  molecular  tools,  such  as  gene 
sequencing, to character Scleroderma taxa. DNA of one Scleroderma isolate was 
extracted to amplify 28S rDNA by means of the polymerase chain reaction (PCR) 
technique  (Fischer,  1995).  Species  and  population  structures  of  11  isolates  of 
Scleroderma collected mainly from the Philippines and Malaysia have been analysed 
by  combined  phenotypic  and  genomic  marker  (Sims  et  al.,  1999).  PCR/RFLP 
analysis of larger populations of different Scleroderma species would allow species 
identification of so far unidentified isolates or specimens as has been achieved for 
other fungi (Micales et al., 1986). To date, a total of 22 sequences of various regions 
of ribosomal RNA of Scleroderma, including the internal transcribed spacer (ITS) (3 
isolates) and large subunit (LSU) region (10 isolates), are available in the GenBank 
database. Further research using molecular approaches to define species and genetic 
relations of world species in this genus are required (such as sequencing of LSU 
region), similar to what has been undertaken for Pisolithus (Martin et al., 2002) and 
Russula (Miller and Buyck, 2002). Chapter 1 
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Table 1.2.    List of recognized Scleroderma species. 
 
No.  Species name 
1 
Section Aculcatispora - echinulate or verrucose, never reticulate; without clamp connections 
1  S. albidum Pat. Et Trab. 
2  S. areolatum Ehrenb. 
3  S. cepa Pers. 
4  S. columnare Berk. & Broome 
5  S. cyaneoperidiatum Watling & Sims 
6  S. laeve Lloyd 
7  S. leptopodium (Durieu & Mont.) De Toni 
8  S. mayama Grgurinovic 
9  S. texense Berk. 
10  S. uruguayense (Guzmán) Guzmán 
11  S. verrucosum Pers. 
Section Caloderma - lightly reticulate with very slender and short spines; with clamp connections 
12  S. stellatum Berk. 
Section Sclerangium - Subreticulate; with clamp connections 
13  S. bermudense Coker. 
14  S. chevalieri Guzmán 
15  S. citrinum Pers. 
16  S. floridanum Guzmán 
17  S. paradoxum Beaton 
18  S. polyrhizum Pers. 
19  S. reae Guzmán 
Section Scleroderma – complete reticulate; with clamp connections 
20  S. bougheri Trappe, Castellano & Giachini 
21  S. bovista Fr. 
22  S. congolense Demoulin & Dring
 
23  S. dictiosporum Pat. 
24  S. fuscum (Corda) E. Fisch. 
25  S. hypogeum Zeller 
26  S. meridionale Dem. & Mal. 
27  S. michiganense (Guzmán) Guzmán 
28  S. schmitzii Demoulin & Dring
 
29  S. septentrionale Jeppson 
30  S. sinnamarense Mont. 
2 
31  S. xanthochroum Watling & Sims 
 Chapter 1 
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Table 1.2.    (Continued) 
 
The following 9 new species (nom. ined.) are being described from Australia by James Trappe 
(pers. comm.): 
S. biornatum Trappe & Malajczuk; S. densum (Rodway) Trappe, Castellano & Claridge; S. flagellare 
Trappe and Claridge; S. malajczukii Trappe, Castellano & Claridge; S. mcalpinei (Rodway) Trappe, 
Castellano & Claridge; S. minutum Trappe & Amaranthus; S. mundisporum Trappe & Dunstan; S. 
sheltonii Trappe; S. tommayi Trappe, Castellano & Claridge 
 
1 Only well documented species of the genus are listed (Guzmán, 1970; Demoulin and Dring, 1971; 
Beaton and Weste, 1982; Sims et al., 1995; Grgurinovic, 1997; Giachini et al., 2000; Guzmán and 
Ovrebo, 2000; Guzmán et al., 2004; Watling and Sims, 2004).
 Other names used in the literature 
include:  S.  arenicola  Zeller  (Hutchison,  1991;  Dickinson  and  Hutchison,  1997);  S.  aurantium 
(Beckjord et al., 1985; Richter and Bruhn, 1986; Rajkumar et al., 1990; Rao et al., 1996). S. arenicola 
Zeller (1947. Mycologia. xxxix: 295); S. aurantium is synonymous of S. citrinum.   
2  S.  sinnamarense  Mont.  has  moved  from  section  Sclerangium  (Guzmán,  1967,  1970)  to  section 
Scleroderma since the reticulum is well developed in mature spores although is poorly developed in 
young spores (Guzmán and Ovrebo, 2000) 
 
1.3.1.3 Host range and associated vegetation 
Scleroderma  has  a  wide  geographic  distribution  in  both  the  Northern  and 
Southern Hemispheres. Scleroderma occurs in a wide range of habitats and forms 
ECM associations with many woody plants. At least 28 tree genera in 11 families 
have been reported around the world to have members in association with species of 
Scleroderma (Table 1.3). Common ECM hosts include some genera in the families 
Cistaceae,  Dipterocarpaceae,  Fagaceae,  Myrtaceae,  Mimosaceae  and  Pinaceae 
(Guzmán, 1970; Marx, 1977; Richter and Bruhn, 1989; Sims et al., 1997; Smith and 
Read,  1997;  Jeffries,  1999).  Examples  of  distribution  and  associated  vegetation 
(native forests and plantations) of Scleroderma are discussed below. 
Native forests 
Field observations showed that a number of Scleroderma species, including S. 
cepa, S. citrinum and S. areolatum, are common in indigenous Eucalyptus forests in Chapter 1 
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Table 1.3.    Families and genera of plants reported to have species associated with fungi in the genus 
Scleroderma. 
 
Plant family  Plant genus  Scleroderma  Reference 
1 
Alnus  S. hypogaeum  Molina, 1979  Betulaceae 
Betula  S. citrinum  Garrido, 1984, 1986; Ingleby et al., 1985; 
Newton and Pigott, 1991; Ek et al., 1996 
Afzelia  S. dictyosporum 
S. verrucosum 
Scleroderma sp. 
Sanon et al., 1997; Bâ and Thoen, 1990; Bâ 
and Duponnois, 2002 
Brachystegia  S. verrucosum   
Scleroderma sp.  
Sanon et al., 1997; Rincón et al., 2001 
Caesalpinia- 
ceae 
Isoberlinia  S. dictyosporum   
S. verrucosum   
Scleroderma sp. 
Sanon et al., 1997 
Allocasuarina  Scleroderma sp.  Theodorou and Reddell, 1991; Dell et al., 1994  Casuarina- 
ceae  Casuarina  Scleroderma sp.  Theodorou and Reddell, 1991 
Corylaceae  Corylus  Scleroderma sp.  Hall et al., 1995; Mamoun and Olivier, 1996 
Dipterocarpus   Scleroderma sp.  Pampolina et al., 1995 
Dryobalanops  S. sinnamariense 
S. verrucosum   
Watling and Lee, 1995 
Hopea  S. columnare   
S. dictyosporum   
Scleroderma sp. 
Santoso, 1991; Supriyanto, 1999 
Monotes  S. dictyosporum   
S. verrucosum   
Scleroderma sp. 
Sanon et al., 1997 
Neobalanocarpus  S. sinnamariense  Watling and Lee, 1995 
Shorea  S. columnare   
S. dictyosporum   
S. sinnamariense  
S. verrucosum   
Scleroderma sp. 
Santoso, 1991; Watling and Lee, 1995; Omon, 
1996; Lee et al., 1997; Watling and Lee, 1998; 
Supriyanto, 1999 
Dipterocar- 
paceae 
Vatica  Scleroderma sp.  Santoso, 1991 
Euphorbia- 
ceae 
Uapaca  S. dictyosporum   
S. verrucosum   
Scleroderma sp. 
Sanon et al., 1997 Chapter 1 
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Table 1.3.    (continued) 
 
Plant family  Plant genus  Scleroderma  Reference 
1 
Castanea  S. areolatum  Meotto et al., 1999 
Castanopsis  S. polyrhizum  Chen et al., 2001 
Fagaceae 
Quercus  S. auranteum   
S. bovista   
S. cepa   
S. citrinum 
S. polyrhizum 
Bechjord and McIntosh, 1983, 1984; Beckjord 
et al., 1985; Richter and Bruhn, 1990; Newton, 
1991; Niijima et al., 1993; Seva et al., 1996; 
Diez et al., 2000; Martin et al., 2003 
Mimosaceae  Acacia  S. dictyosporum   
S. verrucosum   
Scleroderma sp. 
Kumar et al., 1999; Founoune et al., 2002; 
Duponnois and Plenchette, 2003; Duponnois 
et al., 2005 
Myrtaceae  Eucalyptus  S. albidum   
S. areolatum   
S. cepa   
S. flavidum   
S. verrucosum   
Scleroderma sp. 
Pryor, 1956; Levisohn, 1968; Garrido, 1984, 
1986; Burgess and Malajczuk, 1990; Burgess 
et al., 1993; Thomson et al., 1993; Dell et al., 
1994; Aggangan et al., 1996a; Giachini and 
Oliveira, 1997; Jamaluddin et al., 1997; Lu et 
al., 1998; Reddy and Sutyanarayana, 1998; 
Chen et al., 2000c; Mason et al., 2000 
Abies  S. citrinum   
S. verrucosum 
Richter and Bruhn, 1990; Parladé et al., 1997 
Larix  S. citrinum   
S. hypogaeum 
Newton, 1991; Richter and Bruhn, 1989, 1990; 
Molina and Trappe, 1982 
Picea  S. citrinum 
S. flavidum 
Richter and Bruhn, 1990; Brunner et al., 
1992; Ek et al., 1996; Kasuya et al., 1996 
Pinaceae 
Pinus  S. areolatum   
S. auranteum   
S. bovista   
S. citrinum   
S. columnare   
S. hypogaeum   
S. polyrhizum 
S. verrucosum   
Scleroderma sp. 
Takacs, 1961; Schramm, 1966; Chu-Chou, 1979; 
Khan, 1980; Malajzcuk et al., 1982; Molina 
and Trappe, 1982; Backjord and McIntosh, 
1984; Garrido, 1984, 1986; Richter and Bruhn, 
1986, 1987; Rangarajan et al., 1990; Rajkumar 
et al., 1990; Colpaert et al., 1992, 1996; Mohan 
et al., 1993; Termorshuizen, 1993; Pera and 
Alvarez, 1995; Yamada and Katsuya, 1995; 
Parladé et al., 1996; Reddy and Natarajan, 
1997; Fay et al., 1997; Richter and Bruhn, 
1990; Rincon et al., 2001; Duñabeitia et al., 
2004; Ortega et al., 2004 
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Table 1.3.    (continued) 
 
Plant family  Plant genus  Scleroderma  Reference 
1 
Pseudotsuga  S. citrinum   
S. hypogaeum 
Molina and Trappe, 1982; Parladé et al., 1996   
Pinaceae 
Tsuga  S. citrinum   
S. hypogaeum 
Molina and Trappe, 1982; Richter and 
Bruhn, 1990 
Salicaceae  Populus  S. citrinum  Garrido, 1984, 1986 
 
1 References in bold-face report synthesis by inoculation, others by field observations. 
 
Australia (Dell et al., 1994; Bougher, 1995). In China, several Scleroderma species 
fruit under native forests with Castanopsis, Pinus and Quercus (Bi et al., 1994; Gong 
et al., 1997; Chen et al., 2004; Mao, 2000; Tan and Wang, 2000). Rao et al. (1997) 
observed S. aurantium fruiting in P. kesiya forests in Maghalaya, India. Scleroderma 
was  commonly  found  in  a  dipterocarp  forest  dominated  by  Shorea,  Parashorea, 
Hopea and Dipterocarpus on  Luzon  Island,  in  the  Philippines  (Pampolina et  al., 
1995).  In Japan, 12 Scleroderma taxa were  reported to occur in association with 
several vegetation types, including broad-leaved trees and P. densiflora (Yamada and 
Katsuya,  1995;  Kasuya  et  al.,  1996).  S.  dictyosporum,  S.  verrucosum  and  an 
unknown  Scleroderma  species  were  reported  under  tropical  members  of  the 
Caesalpinioideae  (Afzelia  africana,  Isoberlinia  doka  and  I.  dalziellii), 
Dipterocarpaceae (Monotes kerstingii) and Euphorbiaceae (Uapaca guineensis and 
Uapaca somon) in Burkina Faso, Western Africa (Sanon et al., 1997). S. citrinum 
was  a  dominant  mycorrhizal  fungus  on  oak  (Quercus  robur)  and  birch  (Betula 
pendula)  in  nutrient-poor  soils  in  the  United  Kingdom  (Newton,  1991),  and 
Douglas-fir (Pseudotsuga menziesii) in Germany (Eis et al., 1997).   
Plantation forestry 
Scleroderma spp. are  common in Eucalyptus globulus plantations in Western Chapter 1 
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Australia (Lu et al., 1998). A number of Scleroderma species, including S. bovista, S. 
cepa, S. citrinum, S. floridanum, S. fuscum, S. uraguayense and S. verrucosum, are 
associated with introduced Pinus spp. in the Southern Hemisphere (Chu-Chou and 
Grace,  1983;  Garrido,  1986;  Raithelhuber,  1987;  Giachini  and  Oliveira,  1997; 
Dunstan  et  al.,  1998).  In  New  Zealand,  one  Scleroderma  species  out-competed 
introduced ECM species in a fertile soil, high in phosphorus, in agroforestry sites 
(Chu-Chou  and  Grace,  1982).  In  south  China,  a  few  Scleroderma  species  have 
probably invaded plantations of exotic eucalypts and pines (Chen et al., 2000b; Tan 
and Wang, 2000). Scleroderma forms mycorrhizas with trees in Pinus, Eucalyptus 
and  Quercus  in  Hong  Kong  (Tam  and  Griffiths,  1993).  In  India,  Scleroderma  is 
recorded  under  plantations  of  Acacia  and  Eucalyptus  (Kumar  et  al.,  1999). 
Chalermpongse  (1995)  reported  that  Scleroderma  is  a  common  ECM  fungus 
associated with E. camaldulensis plantations in Thailand. Scleroderma (S. bovista 
and  S.  uruguayensis)  was  the  prevalent  genus  under  Eucalyptus  and  Pinus 
plantations in Brazil (Vieira and Carvalho, 1994; Coelho et al., 1997; Giachini et al., 
2000).   
 
1.3.2 Application of Scleroderma in plantation forestry 
 
1.3.2.1 Inoculum forms 
Several  inoculum  forms  have  been  developed  for  some  selected  ECM  fungi 
around  the  world  (Castellano  and  Molina,  1989). Almost  all  inoculum  forms  are 
subjected to three broad categories, i.e. spore inoculum, mycelium inoculum and soil 
inoculum. 
Spore inoculum Chapter 1 
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Spore-based inoculum, including macerated sporocarps, is being widely used in 
inoculation  programs  with  a  variety  of  ECM  fungi,  especially  members  in  the 
Gasteromycetes. Spores of some 20 fungal genera have been reported to be efficient 
inocula resulting in colonizing of roots of a variety of host plants (Appendix II). 
Among  them,  three  genera  have  been  used  extensively:  Pisolithus  (Marx,  1976; 
Marx et al., 1989, 1997; Munyanziza and Kuyper, 1995; Lu et al., 1998; Chen et al., 
1998, 2000c; Rincón et al., 2001; Martin et al., 2003); Rhizopogon (Parladé et al., 
1996, 1997; Rincón et al., 2001; González-Ochoa et al., 2003; Duñabeitia et al., 
2004; Ortega et al., 2004); and Scleroderma (Castellano et al., 1985; Munyanziza 
and Kuyper, 1995; Parladé et al., 1996, 1997; Lu et al., 1998; Chen et al., 2000c, 
2001; Rincón et al., 2001; Xu et al., 2001; Duñabeitia et al., 2004; Ortega et al., 
2004). These fungi produce sporocarps that are easily collected and contain millions 
of  spores  (Marx  and  Bryan,  1975;  Marx,  1980).  Spore  inocula  of  several 
mushroom-like ECM fungal genera are also sometimes used where large numbers of 
basidiomes are available, such as Laccaria (Lu et al., 1998; Chen et al., 2000a; Xu et 
al., 2001) and Suillus (Munyanziza and Kuyper, 1995; González-Ochoa et al., 2003).   
Spores  released  from  air-dried  sporocarps  can  be  suspended  in  distilled 
deionized (DI) water, or mixed with a moistened physical carrier, such as sterile 
vermiculite, peat, or soil. In terms of Scleroderma, these forms of spore inoculum 
have been shown to be efficient for a wide range of hosts, including Acacia (Parladé 
et al., 1997), Eucalyptus (Lu et al., 1998; Reddy and Satyanarayana, 1998; Reddell 
and Milnes, 1992; Brundrett et al., 2005) and Pinus (Azevedo, 1982; Parladé et al., 
1996; Ortega et al., 2004). In some forest nurseries, spore inoculum is applied to 
containerized  seedlings  with  a  standard  watering  can  or  through  the  existing 
irrigation system (Castellano and Molina, 1989), or alternatively, applied to the seed Chapter 1 
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before sowing (Marx et al., 1984; Thodorou and Benson, 1983). Spore preparations 
of some ECM fungi are being produced in several different forms, including pellets 
(De  la  Cruz,  1995),  sprays  (Marx  et  al.,  1989;  Castellano  et  al.,  1985)  or 
encapsulated on seed (Martin et al., 2003). In the past decades, spore inocula of a 
few ECM fungi have been used for commercial inoculation in some countries [e.g. 
the  United  States  (Plant  Health  Care  www.planthealthcare.com),  MycoGrow 
www.fungi.com/mycogrow/),  Canada  (Reforestation  Technologies  International 
www.reforest.com/) the Philippines and Indonesia]. 
Effective spore doses have been tested for some ECM fungi. From the literature, 
the recommended densities are usually 10
4-10
8 spores seedling
-1 (Parladé et al., 1996; 
Rincón et al., 2001; Duñabeitia et al., 2004; Ortega et al., 2004). Appendix II lists 
some  results  from  spore inoculation  showing  that  spore  inocula  of  various  ECM 
fungi at suitable densities are effective in forming mycorrhizas. Only two studies 
have compared spore densities of Scleroderma (Parladé et al., 1996; Rincón et al., 
2001),  and  the  optimum  spore  rate  for  container-grown  eucalypts  is  unknown 
(Chapter 4). 
The availability of sporocarps is often restricted to a short annual fruiting season. 
This drawback may be minimized if storage of spores can be optimised. A number of 
studies used air-dried spores stored at room temperature or at a low temperate (such 
as 4-5 
0C) for up to 10 months without significant lose of spore viability (Castellano 
et al., 1985; González-Ochoa et al., 2003; Duñabeitia et al., 2004) (Appendix II). 
Dry spores of Pisolithus were largely unaffected by 34 months storage at 5 
0C (Marx, 
1976) and spore suspensions of various Rhizopogon species were stored at 5 
0C up to 
3  years  without  significant  reduction  in  inoculum  effectiveness  (Castellano  and 
Molina,  1989).  However,  Theodorou  and  Bowen  (1973)  found  storage  of Chapter 1 
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freeze-dried spores of Rhizopogon luteolus at 22 
0C for up to 3 months caused a 
significant lost of spore viability. This damage was later confirmed by Torres and 
Honrubia  (1994)  by  using  nuclear  and  fluorescein  diacetate  staining  methods  to 
detect lose of viability of spores of 14 ECM fungi stored in frozen slurries.   
A  major  advantage  of  using  spore  inoculum  is  that  this  inoculum  form  is 
relatively low cost and easy to produce and handle for inoculation programs. Unlike 
vegetative mycelium inoculum, spore inoculum may vary in genetic composition and 
it often contains other organisms. Studies show that some microorganisms in spore 
inoculum  are  beneficial  (Li,  1987;  Li  and  Castellano,  1987)  and  therefore 
purification of spore suspension is not necessary (Castellano and Molina, 1989). So 
far,  there  are  no  reports  indicating  harmful  effects  on  seedlings  from  spore 
inoculation. 
Mycelium inoculum 
Pure culture mycelium of ECM fungi is an important inoculum source (Marx, 
1980; Marx and Kenney, 1982). Apart from fragmented mycelium in liquid form, 
other  forms  are  also  being  developed,  including  use  of  solid  substrates,  such  as 
vermiculite,  peat  moss  or  other  carriers  (Marx  et  al.,  1989;  Marx,  1991), 
encapsulation in alginate beads or hydrogel (Le Tacon et al., 1985, 1992; Boyle et al., 
1987; Kuek et al., 1992; Vijaya and Srivasuki, 1999).   
Mycelium  inoculum  has  been  shown  to  be  effective  for  many  fungi,  but 
commercial use of this type of inoculum is restricted to a small group of ECM fungi, 
including  Pisolithus  tinctorius,  Hebeloma  crustuliniforme  and  Laccaria  laccata 
(Maul, 1985; Castellano and Molina, 1989). Compared to spore inoculum, one of the 
advantages of mycelium inoculum is the ability to control the genetics. There is also 
no  seasonal  restriction  to  supply  as  long  as  the  facility  to  produce  mycelia  is Chapter 1 
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available. However, due to the high cost, the time consumed and facilities to produce 
sufficient amounts of mycelium inoculum, applications of this type of inoculum have 
been restricted to developed countries such as France (Le Tacon et al., 1985, 1992; 
http://mycor.nancy.inra.fr/) and the United States (Mycorr Tech Inc; Castellano and 
Molina,  1989).  Other  disadvantages  of  using  mycelium  inoculum  may  include: 
difficulty  of  some  species  in  isolation  and  cultivation;  failure  to  regrow  from 
fragmented mycelium or ineffectiveness after blending, such as Pisolithus sp. and 
Paxillus sp. (Boyle et al., 1987). 
Soil inoculum 
Field soils have also served as an alternative inoculum of some ECM fungi. 
According to Castellano and Molina (1989), soil inoculum taken from beneath ECM 
host  trees  is  often  used  in  bareroot  nurseries,  especially  in  developing  countries. 
Growth response on soil inoculum is reported from a few studies (Goodwin, 1976; 
Mikola,  1973).  Since  soil  may  not  contain  compatible  ECM  species,  nor  have 
insufficient  propagules  of  symbionts,  there  is  no  insurance  for  soil  inoculum  to 
induce colonization on seedlings (Mikola, 1973; Matin et al., 2003). The quality of 
soil  inoculum  is  usually  inconsistent  due  to  varying  times  and  sources  of  soil 
collections. Furthermore, soil may also carry weed seeds, rhizomes and soil-borne 
pathogens and thus it is a risk to operations (Trappe 1977; Castellano and Molina, 
1989; Dell and Xu, 2006). 
 
1.3.2.2 Scleroderma mycorrhizas and their synthesis 
Broadly, ECMs of Scleroderma are characterized by distinctly white, glabrous to 
sparingly tomentose, with mantle mycelium often giving rise to concolorous mycelia. 
Smooth, pure white and differentiated rhizomorphs often radiate through the growth Chapter 1 
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medium.  These  distinctive  characteristics  of  ECMs  have  been  reported  for  ECM 
synthesized on various hosts including coniferous and deciduous trees (Molina and 
Trappe, 1982; Ingleby et al. 1985; Richter and Bruhn, 1986, 1989, 1990; Kannan and 
Natarajan,  1987;  Dell  et  al.,  1994;  Dames  et  al.,  1999;  Chen  et  al.,  2001). 
Characteristics  of  Scleroderma  ECM  formed  by  inoculation  of  either  spores  or 
vegetative mycelia are usually similar to those formed in the field (Dames et al., 
1999). 
In vitro synthesis 
Reports on pure culture syntheses of Scleroderma fungi are numerous, with S. 
citrinum being represented most often (Table 1.4). Scleroderma isolates have been 
shown to form ECMs in vitro with plants of 6 genera, including Eucalyputs and 
Pinus (Molina and Trappe, 1982; Richter and Bruhn, 1986, 1989, 1990; Kannan and 
Natarajan, 1987; Rangarajan et al., 1990; Theodorou and Reddell, 1991; Brunner et 
al. 1992; Reddy and Natarajan, 1997; Sanon et al., 1997; Reddy and Satyanarayana, 
1998; Diez et al., 2000). 
In vivo synthesis 
Some species of the genus Scleroderma are confirmed to be capable of forming 
ECMs on a variety of host species in vivo, using spores or vegetative mycelia as 
inoculum (Table 1.4). Inoculations with spores of some Scleroderma collections have 
been  reported  to  result  in  colonization  of  roots  of  Eucalyptus  (Lu  et  al.  1998; 
Brundrett et al. 2005), Pinus (Parladé et al., 1996; Rincón et al., 2001; Duñabeitia et 
al., 2004; Ortega et al., 2004), and Shorea (Turjaman et al., 2005) in open containers. 
Spore inocula of Scleroderma have been used in field trials with Abies (Parladé et al., 
1997), Castanea (Meotto et al., 1999), Eucalyptus (Chen et al., 2000c; Xu et al., 
2001), Pinus (Mohan et al., 1993; Yamada and Katsuya, 1995; Ortega et al., 2004) Chapter 1 
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and  Q.  rubra  (Beckjord  and  McIntosh,  1983).  Some  20  Scleroderma-host 
combinations are reported forming ECMs with vegetative mycelial inoculum (Table 
1.4). 
 
1.3.2.3 Factors affecting mycorrhization 
There  are  a  number  of  factors  that  influence  mycorrhizal  formation  in 
inoculation  programs  with  Scleroderma.  These  include  the  compatibility  of  the 
fungus-host pair, nursery practices and competition with other symbionts. 
Fungus-host compatibility 
Many ECM fungi can colonize a broad range of hosts, while some show host 
specificity (Chilvers, 1973; Malajczuk et al., 1982). Several studies suggested that 
ECM fungi show specificity at the host genus level rather than at the host species 
level,  as  reported  for  Suillus,  Rhizopogon,  Truncocolumella  and  Hydnangium 
(Chilvers, 1973; Malajczuk et al., 1982; Molina and Trappe, 1994; Jamaluddin et al., 
1997). As previously mentioned, at the genus level, Scleroderma has a wide host 
range  including  some  Northern  Hemisphere  and  Southern  Hemisphere  trees  in 
unrelated families (e.g.  Pinaceae and Myrtaceae) (section 1.3.1.4; Table 1.3). For 
example, S. verrucosa is able to colonize Abies (Parladé et al., 1997), Afzelia and 
Brachystegia (Sanon et al., 1997), Eucalyptus (Thomson et al, 1993; Jamaluddin et 
al.,  1997),  Isoberlinia  ((Sanon  et  al.,  1997),  Pinus  (Rincón  et  al.,  2001)  and 
Pseudotsuga  (Parladé  et  al.,  1997).  S.  citrinum,  S.  cepa  and  some  other  species 
exhibit symbiotic relationships with a wide range of hosts. These findings suggest 
that Scleroderma spp. are broad-host-range colonizers with low host specificity at the 
genus level. Chapter 1 
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Table 1.4.    ECM synthesis with inoculum of spores or mycelia of Scleroderma on roots of a variety 
of host trees. Variation in colonization and effects on host growth are presented. 
 
Host  Scleroderma  Location
  Inoculum
  ECM 
1  Effect 
2  Source 
Abies spinus 
Abies sp. 
S. verrucosum  field  S
 3  +  nr 
Parladé et al., 
1997 
Acacia holosericea 
Acacia mangium 
S. dictyosporum  container  M  +  + 
Founoune et al., 
2002 
Acacia holosericea  S. dictyosporum  container  M  +++  + (dw) 
Duponnois et al., 
2005 
Afzelia africana 
Afzelia quanzensis 
S. dictyosporum 
S. verrucosum   
S. sp. 
in vitro  M  +  nr 
Sanon et al., 
1997 
Afzelia quanzensis 
S. dictyosporum 
S. sp. 
container  M  +  +  Bâ et al., 2002 
Allocasuarina littoralis  S. sp. (2 isolates)  container  M  ++  + (dw)  Dell et al., 1994 
Alnus rubra  S. hypogaeum  in vitro  M  +/-  nr  Molina, 1979 
Brachystegia 
speciformis 
S. dictyosporum 
S. verrucosum   
S. sp. 
in vitro  M  +  nr 
Sanon et al., 
1997 
Casuarina equisetifolia  S. sp. (2 isolates)  container  M  +/-  + (dw)  Dell et al., 1994 
Eucalyptus globulus  S. cepa  field  S  Nr  +  Xu et al., 2001 
Eucalyptus globulus 
S. cepa 
S. sp.(2 isolates) 
container  S  +  +  Lu et al., 1998 
Eucalyptus grandis  S. sp.  container  M  ++  + (dw)  Dell et al., 1994 
Eucalyptus tereticornis 
S. cepa   
S. flavidum 
in vitro  M  -/+  + 
Reddy and 
Sutyanarayana, 
1998 
Eucalyptus urophylla 
S. sp. (12 
isolates) 
field  M or S  ++  + (h)  Chen et al. 2000c 
Isoberlinia dalziellii   
Isoberlinia doka 
S. dictyosporum 
S. verrucosum   
S. sp. 
in vitro  M  +  nr 
Sanon et al., 
1997 
Pinus pinaster  S. citrinum  nr  S  +++  + 
Parladé et al., 
1997 
Pinus pinaster  S. citrinum  nr  M  +  +  Takacs, 1961 
Pinus pinaster  S. citrinum  container  S  +  +  Azevedo, 1982 
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Table 1.4.    (continued) 
 
Host  Scleroderma  Location
  Inoculum
  ECM 
1  Effect 
2  Source 
Pinus pinaster  S. citrinum  container  S  +++  + 
Parladé et al., 
1996 
Pinus pinea  S. verrucosum  container  S  +++  + 
Rincón et al., 
2001 
Pinus radiata  S. citrinum  container  S  ++  + 
Duñabeitia et al., 
2004 
Pinus radiata  S. citrinum 
container 
& field 
S  ++  + 
Ortega et al., 
2004 
Pinus sylvestris  S. citrinum  container  nr  +  - 
Colpaert et al., 
1992 
Pseudotsuga menziesii  S. citrinum  container  S  ++  + 
Parladé et al., 
1996 
Pseudotsuga menziesii  S. verrucosum  field  S  +  + 
Parladé et al., 
1997 
Quercus alba  S. auranteum  container  nr  +  - 
Beckjord et al., 
1985 
Quercus coccinea 
Quercus palustris 
S. bovista 
4  container  F  +  nr 
Martin et al., 
2003 
Quercus rubra  S. auranteum  container  nr  +  - 
Beckjord et al., 
1985 
Quercus rubra  S. citrinum  field  nr  +  + 
Beckjord and 
McIntosh, 1983 
Shorea pinanga  S. sp.  container  S  +++  + 
Turjaman et al., 
2005 
 
1 Inoculum type: S, spores; M, mycelia; F, forest soil; nr, not reported (data unavailable). 
2 ECM associations on roots followed by inocuolation of Scleroderma: -, absent (no ECM); +/-, 0-5% 
colonized (sparse); +, 6-20% short roots colonized; ++, 21-50% colonized; +++, 51-100% colonized; 
nr, not reported (data unavailable). 
3 Effects on the growth of host plants: +, significantly increased the growth of both height and biomass 
unless specified in the bracket compared to uninoculated control; 0, not significantly different; –, 
significantly decreased; nr, not reported (data unavailable). 
4 Indigenous S. bovista out-competed an inoculant Pisolithus tinctorius. 
 
In contrast, a few studies indicated that the ability of Scleroderma to colonize Chapter 1 
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roots varied between fungal species. S. bovista, S. cepa and S. polyrhizum formed 
ECMs on red pine (Pinus resinosa) in vitro, while S. meridionale failed to colonize 
roots  of  the  same  host  (Richter  and  Bruhn,  1989).  An  Australian  Scleroderma 
colonized  roots  of  Eucalyptus  and  Allocasuarina,  but  failed  to  form  ECMs  on 
Casuarina (Dell et al., 1994). Malajczuk et al. (1982) found that fungi known to 
associate exclusively with members of the Pinaceae (e.g. Suillus and Rhizopogon), 
did  not  form  ECMs  with  any  Eucalyptus  species  and  vice  versa.  However  few 
studies  have  examined  host  specificity  of  Scleroderma  at  a  species  level.  One 
example is that S. polyrhizum collected from other host trees failed to colonize roots 
of  Quercus  suber  seedlings  (Diez  et  al.,  2000).  Eucalypt  plantations  are  often 
established on land previously supporting coniferous plantations or mixed secondary 
forests in south China, where the ability of indigenous Scleroderma to form ECMs 
on exotic eucalypts is unknown. Comparative studies are needed to determine the 
specificity of Scleroderma for eucalypts before decisions on any further introduction 
of ECM fungi into eucalypt plantations in China are made (Chapter 5). 
Nursery practices 
Practices  in  the  nursery  can  affect  ECM  development  (Castellano  and 
Molina, 1989; Brundrett et al., 2005). Castellano and Molina (1989) addressed  a 
number of nurseries practices that may affect the success of mycorrhizal inoculation 
programs, including container type, rooting medium, fertilizer, water and pesticides. 
Some ECM fungi are fertilizer-sensitive and therefore fertilizer practice can affect 
fungal colonization. For example, high levels of soluble NPK fertilizer reduced ECM 
formation by Pisolithus tinctorius (Bougher et al., 1990; Mason et al., 2000). The 
use of dolomitic lime in the field reduced the occurrence of sporocarps of S. citrinum 
(Kraepelin and Michaelis, 1997).   Chapter 1 
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The rooting medium, including its physical and chemical makeup, is most likely 
to influence the establishment and development of ECMs on roots in forest nurseries 
(Castellano and Molina, 1989; Cordell and Marx, 1994; Dell and Malajczuk, 1998; 
Querejeta et al., 1998; Brundrett et al., 2005). Studies showed that pore size and 
distribution  and  pH  of  rooting  medium  affected  feeder  root  formation  and 
distribution, and also ECM development (Ruark et al., 1982; Huang and Trappe, 
1983; Castellano and Molina, 1989; Lehto, 1994; Aggangan et al., 1996a). Rooting 
medium with adequate internal water drainage and good aeration is considered to be 
essential for ECM development (Cordell and Max, 1994). However, this aspect has 
received  very  little  attention,  especially  with  spore  inoculation,  in  Asia  and 
Australasia. For example, a pine bark potting mix is commonly used in eucalypt 
nurseries  in  Australia,  which  has  been  shown  to  be  less  efficient  for  eucalypt 
mycorrhization (Giles Hardy, pers. comm.; Brundrett et al., 2005). In south China, 
the major eucalypt nurseries currently use soil collected from the field for eucalypt 
seedlings and cuttings (Chapter 6). Whether these soil media impair the growth of 
eucalypt seedlings and  development of ECMs needs to be explored. Clearly, this 
nursery practice should be examined if spore inoculum is to be optimized in nurseries 
in the region (Chapter 6).   
Competition with other ECM fungi 
A successful inoculation program with desired ECM fungi needs to evaluate the 
survival and persistence of introduced species in the field. Some efficient fungi are 
readily able to colonize roots in containers but soon disappear in the field due to 
competition  with  other  symbionts  on  roots.  Scleroderma  have  been  observed  to 
out-compete other ECM fungi in the field, such as in New Zealand (Chu-Chou and 
Grace, 1983), Western Europe (Mamoun and Olivier, 1996; Hall et al., 1995; Meotto Chapter 1 
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et al., 1999), and Congo (Garbaye et al., 1988). These observations may suggest that 
Some species of Scleroderma are strong competitors and therefore good candidates 
for  introduction  to  exotic  sites  if  they  are  efficient  in  promoting  survival  and 
production of plantations. 
 
1.3.2.4 Inoculation effects on host growth 
A number of studies have proven that inoculation programs with suitable ECM 
fungi are beneficial in a wide variety of instances, for reclamation of adverse sites, 
reforestation of clearcut areas, reforestation after wildfire, and introduction of exotic 
species (Marx, 1980; Reddell and Warren, 1987; Castellano and Molina, 1989; Grove 
and Malajczuk, 1994; Brundrett, 2000; Duponnois et al., 2005; Wallander and Pallon, 
2005). The need for mycorrhizal inoculation in plantation forestry can be determined 
by benefits to host plants provided by introduced ECM fungus in the nursery and the 
field  (Castellano  and  Molina,  1989).  Parameters  that  can  be  used  to  assess 
inoculation  effectiveness  in  the  field  include:  survival,  root  development,  height, 
basal area, DBH, canopy condition and nutrient acquisition of host plants. However, 
very few studies have examined root development and fungal persistence in field 
(Dell et al., 2002). 
Scleroderma  has  been  used  to  inoculate  seedlings  of  many  woody  plants  to 
promote host growth and to assist in establishment of plantations in the field (Table 
1.4). Promotions in plant growth resulting from spore inoculation have been reported 
for containerized seedlings of Eucalyptus globulus (Lu et al., 1998), Pinus pinaster 
and Pseudotsuga menziesii (Parladé et al., 1996) and Shorea pinanga (Turjaman et 
al., 2005). Examples of growth stimulation in the field using spore inoculum include: 
Abies spinus and Abies sp. (Parladé et al., 1997); E. globulus (Xu et al., 2001); E. Chapter 1 
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urophylla  (Chen  et  al.,  2000c);  and  Pinus  pinaster  and  Pseudotsuga  menziesii 
(Parladé et al., 1997). Vegetative mycelial inocula of Scleroderma were also shown 
to promote growth of Eucalyptus (Burgess et al., 1993; Reddell and Milnes, 1992; 
Dell  et  al.,  1994),  Acacia  (Founoune  et  al.,  2002;  Duponnois  et  al.,  2005), 
Castanopsis  (Chen  et  al.,  2001)  and  several  tree  species  in  the  Dipterocapaceae 
(Santoso, 1991; Omon, 1996).   
 
1.3.3 Concluding remarks 
Scleroderma has the potential to improve the growth of eucalypts in plantations 
in  south  China.  Due  to  the  availability  of  large  quantities  of  spores  from  a  few 
basidiomes and the ease of application for nursery inoculation needs, spore inoculum 
of Scleroderma is preferable for application on an operational scale in south China at 
the present time. The research that has been undertaken so far on Scleroderma and its 
use in plantation forestry, particularly Eucalyptus, is incomplete. There are a number 
of areas where knowledge is poor. For example, the taxonomy of Scleroderma in the 
region is incomplete and no molecular analysis has been performed on fungi in this 
genus for China and Australia. Also the host specificity of Scleroderma is not clear, 
in particular for plantation species. It is not yet known whether Chinese species of 
Scleroderma that fruit in association with native trees can be used for inoculation of 
eucalypts. Since eucalypts are often planted onto former coniferous forest sites in the 
region,  the  ability  of  pine-associated  Scleroderma  to  form  ECMs  with  exotic 
eucalypts  is  of  practical significance,  as  this  will  determine  if  there  is a  need  to 
introduce eucalypt-associated Scleroderma from Australia.   
 
1.4 Thesis aims and objectives Chapter 1 
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The aim of the thesis is to optimize spore inoculum of Scleroderma for eucalypt 
plantations in south China. The specific objectives are:   
i)  To  enhance  understanding  of  the  diversity  of  putative  ECM  fungi  fruiting 
beneath Eucalyptus plantations in south China (Chapter 2). Previous observations 
indicated generally low diversity of ECM fungi in eucalypt plantations in the region. 
Although  some  ECM  fungi  were  present  under  eucalypt  plantations,  mycorrhizal 
status with exotic trees is unclear. This chapter investigated the diversity of putative 
ECM fungi fruiting beneath eucalypt plantations across south China. 
ii) To determine species richness of Scleroderma present in eucalypt plantations 
in  south  China  using  morphological  and  molecular  tools  and  to  compare  the 
phylogenetic  relationships  of  some  Chinese  and  Australian  Scleroderma  species 
(Chapter 3). 
iii)  To  identify  suitable  Scleroderma  spore  storage  conditions  and  inoculum 
density for effective mycorrhizal formation of eucalypt seedlings. Two glasshouse 
trials were undertaken (Chapter 4) with two species of eucalypt.   
  iv) To determine whether Scleroderma collected from south China and under 
Eucalyptus globulus plantations in Western Australia are effective in forming ECMs 
on plantation trees in the genera Acacia, Eucalyptus and Pinus (Chapter 5).   
v) To evaluate whether soils in south China, that are used routinely in nurseries, 
retard the synthesis of Scleroderma ECMs. A nursery trial investigated the impact of 
5 rooting media (4 field soils and 1 potting mix) on colonization of 6 Scleroderma 
spore collections and growth of seedlings of E. urophylla (Chapter 6). 
  The research was undertaken in south China and in Perth, Western Australia. For 
this reason, the Australian Scleroderma collections were sourced from blue gum (E. 
globulus) plantations in south-western Australia. E. globulus is extensively planted in Chapter 1 
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highland  south  China  and  this  species  was  therefore  included  as  one  of  the  2 
eucalypts used in this study. E. urophylla, the other eucalypt species used in this 
study, is the main plantation species in lowland south China. A flow chart (Figure 1.6) 
illustrates the organization and structure of the thesis. 
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CHAPTER 2 
 
Putative mycorrhizal fungi fruiting under 
Eucalyptus plantations in south China 
 
 
2.1 Introduction 
 
  Some species of Eucalyptus are favoured for revegetation of vast areas due to 
their capacity to grow on soils with limited phosphorus and nitrogen (Specht, 1996), 
their fast growth potential and their multi-purpose use (Tumbull, 1994) (Chapter 1). 
These trees predominantly form ECM associations in both native forests (Chilvers, 
1973; Malajczuk and Hingston, 1981) and plantations (Chu-Chou and Grace, 1982; 
Brundrett et al., 1996). They also may have dual ECM/AM associations (Harley and 
Smith,  1983;  Chen  et  al.,  1999,  2000a;  Lodge,  2000)  (Chapter  1).  However, 
knowledge of the diversity of mycorrhizal fungi under eucalypt plantations in China 
is poor and the mycorrhizal status of indigenous symbionts with exotic trees remains 
unclear. Only when this information is available, can decisions on the necessity of 
introducing suitable symbionts to plantations in the region be made. Therefore, there 
is  a  need  to  investigate  fungal  diversity  and  inoculation  potential  of  infective 
propagules of mycorrhizal fungi within the soil profile.   
This knowledge is important because of the potentially valuable role of ECM 
fungi in the sustainable productivity of eucalypt plantations. In addition, information Chapter 2 
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on the functional diversity of mycorrhizal fungi provides opportunities to select fungi 
adapted to specific combinations of host/soil conditions to assist establishment of 
eucalypt plantations and to optimize tree growth and wood production in the region. 
Preliminary  observations  in  south  China,  on  fungal  diversity  under  eucalypt 
plantations and findings from a few inoculation trials, suggest eucalypt seedlings 
would benefit from inoculation with compatible symbionts prior to outplanting on 
nutrient-poor soils (Chapter 1; Malajczuk et al., 1994; Chen et al., 2000c; Dell et al., 
2002; Brundrett et al., 2005). 
This  chapter  examined  the  frequency  of  occurrence  and  the  diversity  of 
mycorrhizal fungi in Eucalyptus plantations and their status in association with trees 
in  south  China.  To  determine  this,  the  following  components  were  explored:  i) 
putative  ECM  species  fruiting  in  plantations;  ii)  the  AM  fungal  community  in 
plantation soil; iii) the extent of mycorrhizal colonization of eucalypts by indigenous 
symbionts; and iv) the inoculation potential of fungal propagules using a eucalypt 
seedling as bait. 
 
2.2 Materials and methods 
 
2.2.1 Site location and plantation species involved in fungal surveys 
  A  number  of  field  surveys  were  carried  out  to  investigate  the  frequency  of 
occurrence and the diversity of putative mycorrhizal fungi in Eucalyptus plantations 
in south China. Five plantations were sampled at each of 31 locations [Guangdong 
(11 locations), Guangxi (8), Hainan (5) and Yunnan (7) Provinces] covering the main 
regions  of  commercial  eucalypt  plantations  in  south  China  (Figure  2.1).  In  each 
location, 5 plantations (generally over 50 ha in area, and at least 5 km apart) were Chapter 2 
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chosen  for  survey.  Eight  eucalypt  species,  plus  a  hybrid  and  a  clonal  line,  were 
included  in  the  survey,  namely  E.  camaldulensis,  E.  citriodora,  E.  exserta,  E. 
globulus, E. grandis, E. grandis x E. urophylla, E. leizhou No.1 (unknown clonal 
line), E. propinqua, E. robusta, and E. urophylla. Each plantation site was visited 
once in May or June (wet/warm season) over two years. 
 
 
 
Figure 2.1.    General location (    ) of eucalypt plantations involved in this fungal study. A total of 155 
plantations were chosen from 31 locations in Guangdong, Guangxi, Hainan and Yunnan provinces in 
south China. Investment in eucalypt plantations has increased remarkably in recent decades from both 
domestic and international enterprises due to the demand in wood chips for pulp and paper. Map 
source: The MapPoint Web Service, Microsoft Corp. 
 
2.2.2 Observations of ECM fungal sporocarps 
An area of approximately 100 m
2 was sampled from inside each plantation and 
the  presence  of  sporocarps  of  putative  ECM  fungi  was  recorded  for  each  taxon. 
Fungal  abundance  was  recorded  as:  +++,  very  frequent  (4-5  plantations);  ++, 
frequent (2-3 plantations); +, infrequent or rare (1 plantation); and 0, absent. Species 
frequency  by  plantation  (SFp)  was  calculated  as:  SFp=(Sp/Stp)×100,  where,  Sp  = Chapter 2 
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number  of  plantations  in  which  the  fungus  was  observed;  Stp =  total  plantations. 
Species frequency by location (SFl) was calculated as: SFl=(Sl/Stl)×100, where, Sl = 
number of locations in which the fungus was observed; Stl= total locations. Fungal 
species richness (SR) was defined as the number of putative ECM fungal taxa present 
in  each  location  over  the  total  taxa.  Notes  on  morphological  characteristics  of 
sporocarps and site information were taken during the field survey, and sporocarp 
collections  were  made  for  further  identification  in  the  laboratory  based  on 
morphological  characters.  Classical  descriptions  and  phylogenetic  studies  on 
Scleroderma taxa are given in Chapter 3. Fresh specimens were compared to colour 
illustrations in field guides, and simple keys and descriptions were used to recognise 
genera and species of fungi (Largent and Thires, 1977; Watling and Watling, 1980; 
Stevenson, 1994; Bi et al., 1994; Mao, 2000; Fuhrer, 2005). 
 
2.2.3 Soil sampling procedure 
  Two sets of soil samples were made in each location. The first set of soil (Sa) 
was collected from all 155 plantations to examine mycorrhizal colonization on roots 
(section 2.2.4) and the AM fungal community in soil (section 2.2.5). A bulk sample 
of soil was obtained for each plantation by combining 5 samples (ca. 500 g each) 
taken  randomly  from  10-30  cm  below  the  surface  horizon.  Both  fine  roots  of 
eucalypts  and  rhizosphere  soils  were  included.  When  possible,  soil  was  sampled 
from  sites  that  were  free  of  weeds  and  understorey  to  maximise  the  presence  of 
eucalypt  roots  in  the  samples.  A  second  set  of  soil  (Sb)  was  collected  from  11 
plantations in Guangdong Province to examine inoculation potential within the soil 
profile using a eucalypt seedling bioassay (Brundrett and Abbott, 1995; Chen et al., 
1999) (section 2.2.6). Approximately 3 kg of soil (Sb) was taken from the surface Chapter 2 
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horizon (1-30 cm). There were 5 replicate samples for each plantation. Samples were 
then transported to the RITF laboratory in Guangzhou. 
 
2.2.4 Root processing to measure mycorrhizal colonization 
Fresh  fine  roots  of  eucalypts  were  picked  out  from  each  soil  sample  (Sa)  to 
examine  mycorrhizal  colonization.  Although  roots  of  weeds  or  other  plants  were 
minimized during field sampling, care was taken to distinguish out eucalypt roots 
from the roots of other plants. Fresh roots were washed free of soil. Morphological 
descriptions  of  each  ECM  morphotype  were  made  using  terminology  based  on 
Ingleby  et  al.  (1990)  and  images  in  Brundrett  et  al.  (1996).  For  colonization 
measurement, roots were cleared in 10% (w/v) KOH in a 90 °C water bath for 60-90 
min depending on root age. The cooled root samples were then washed with water 
and stained with 0.5% (w/v) acid fuchsin (Biermann and Linderman, 1981). ECM 
root tips were counted under a dissecting microscope, while the percentages of root 
length  colonized  by  AM  fungal  structures  were  measured  using  the  magnified 
line-intersect method under a compound microscope (Olympus BX50) (Brundrett et 
al., 1996). Colonization of roots by AM fungi was determined by the presence of 
hyphae, arbuscules or vesicles at an intersection. Three replicates, minimum of 50 
root segments per replicate, were counted for each sample. More details of methods 
for mycorrhizal examination are given in Appendix III. 
 
2.2.5 AM fungus spore quantification and identification 
AM spores and sporocarps were extracted from 40 g air-dried subsamples of 
each soil sample (Sa) in triplicate by wet sieving followed by flotation–centrifugation 
in 50% sucrose (Dalpe, 1993). The spores were collected on a grid patterned (4×4 Chapter 2 
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mm) filter paper, washed three times with distilled water to spread them evenly over 
the entire grid, and counted using a dissecting microscope at 30× magnification. The 
number of spores was expressed as the mean of three replicates. Relative abundance 
(RA)  and  species  frequency  (SF)  were  expressed  as  the  number  of  spores  of  a 
species/total spores×100, and the number of plantations in which the species was 
observed/total plantations×100. Spores were mounted on glass slides in PVLG for 
identification according to Schenck and Perez (1988), Morton and Redecker (2001) 
and information published by INVAM (http://www.invam.caf.wvu.edu). 
 
2.2.6 Bioassay experiment 
Soils (Sb) collected from 11 eucalypt plantations in Guangdong Province were 
used for a bioassay experiment to analyze soil inoculalum potential using roots of 
bait plants (Eucalyptus urophylla). A complete randomised design consisting of 12 
soil treatments (11 field soils, 1 potting mix autoclaved at 121 
0C for 20 min) with 5 
replicates was used. Air-dried soils were placed in plastic pots (8 cm top diameter, 10 
cm deep) lined with clean plastic bags without drainage holes. Soils were watered to 
field capacity (about 12%). Seeds of E. urophylla (seedlot no. 19393, from Pantar 
Island, Indonesia) were surface sterilized by shaking in a 1.2% solution of NaOCl for 
5 min. After four rinses in sterile water, seeds were transferred to a tray filled with 
autoclaved river sand (121 
0C, 30 min). Seeds were incubated in darkness at room 
temperature for 10 days and in the light for 3 days before pricking out for planting. 
Two uniform seedlings were transplanted into each pot. There were five replicate 
pots for each soil treatment. The pots were placed in a glasshouse in Guangzhou. No 
mineral nutrients were applied. All seedlings were harvested at 12 weeks. Roots were 
cleared and stained to assess mycorrhizal colonization (section 2.2.4). Chapter 2 
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2.2.7 Data analysis 
The colonization data collected from field samples and the bioassay experiment 
were  subjected  to  one-way  ANOVA  using  SPSS  software  version  11.0.  The 
differences in root colonization were separated by Duncan’s Multiple Range Test 
(Gomez  and  Gomez,  1984).  Percentage  data  were  transformed  to  Arc  sin  before 
performing statistical analysis. 
 
2.3 Results 
 
2.3.1 Diversity and abundance of putative ECM fungi 
  Based on observations on the presence of sporocarps, fifteen putative ECM fungi 
belonging  to  6  genera  were  recorded  under  155  Eucalyptus  plantations  in  south 
China (Table 2.1). However, species frequency (SFp) was low and ranged from 1.5 
(Russula  puellaris)  to  22.6%  (Scleroderma  cepa)  across  plantations.  Only  a  few 
species were frequently observed across 31 geographic locations. Scleroderma cepa 
and Pisolithus tinctorius had higher species frequency (61% and 58%, respectively). 
Other  fungi  were  present  in  a small  number  of  plantation. There  were  6  taxa  of 
Scleroderma genus (Table 2.1) (Chapter 3). 
Species  of  Scleroderma,  especially  S.  cepa,  S.  polyrhizum,  Pisolithus  and 
Laccaria were the dominant ECM fungi fruiting above-ground. These fungi were 
present in a wide range of soils, including granitic loam, red clay and doleritic soil. 
Furthermore, they were observed equally under young (1-3  years) and older (4-7 
years) eucalypt stands with no apparent host specificity between eucalypt species. In 
contrast,  Amanita  griseoverrucosa,  Boletus  griseus  and  Russula  puellaris  usually 
occurred  in  newly  established  plantations  on  the  pre-cleared  native  forests  of Chapter 2 
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members of the Pinaceae or Fagaceae, particularly in highland Yunnan Province.   
 
Table  2.1.    Putative  ECM  fungi  fruiting  under  Eucalyptus  plantations  in  south  China.  Species 
frequency (SF) by plantation and location are given. 
 
Fungus  Code 
No. of 
locations 
(n=31) 
No. of 
plantations 
(n=155) 
SFp 
1  SFl 
1  Tree 
2 
Amanita gemmata (Fr.) Gill  A1  5  5  5.2  16.1  EGL, EUR 
Amanita griseoverrucosa Yang  A2  3  3  1.9  9.7  ECA, EGL 
Boletus griseus Forst  B1  3  3  1.9  9.7  EGL, EPR 
Laccaria amethystea (Bull. ex 
Gray.) Murr. 
L1  7  7  4.5  22.6 
EEX, EPR, 
ERO, EUR, 
Laccaria laccata (Scop.:Fr.) 
Berk et Br. 
L2  8  9  6.8  25.8 
EGL, EGU, 
ERO 
Pisolithus sp.  P1  4  4  2.6  12.9  EGL, EPR 
Pisolithus tinctorius (Pers.) 
Coker & Couch 
P2  18  32  20.6  58.1 
EGL, EPR, 
ERO, EUR 
Russula aeruginea Lindb.:Fr.  R1  8  8  6.2  25.8  EEX, EGL 
Russula puellaris Borszcz.  R2  2  2  1.5  6.5  ECA, EEX 
Scleroderma areolatum Ehrenb.  S1  2  2  1.5  6.5  EGL 
Scleroderma bovista Fr.  S2  1  2  1.5  3.2  EGL 
Scleroderma cepa Pers.  S3  19  35  22.6  61.3 
ECA, ECL, 
EEX, ERO, 
EUR 
Scleroderma citrinum Pers.  S4  11  20  12.9  35.5 
EGU, EGR, 
EGL, EUR, 
Scleroderma paradoxum Beaton  S5  3  3  1.9  9.7  ELE, EGL 
Scleroderma polyrhizum Pers.  S6  15  19  12.5  48.4  ELE, EGL, EUR 
 
1 Species  frequency by plantation (SFp), or by location (SFl): SFp=(Sp/Stp)×100, SFl=(Sl/Stl)×100, 
where, Sp (or Sl) = the number of plantations (or locations) in which the fungus was observed; Stp (or 
Stl) = total plantations (or locations); names of locations are given in the Table 2.2. 
2  Eucalyptus  species:  ECA  (E.  camaldulensis),  ECI  (E.  citriodora),  EEX  (E.  exserta),  EGL  (E. 
globulus), EGR (E. grandis), EGU (E. grandis x E. urophylla), ELE (E. leizhou No. 1), EPR (E. 
propinqua), ERO (E. robusta), and EUR (E. urophylla). Chapter 2 
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Figure 2.2.    Examples of some putative ECM fungi fruiting under Eucalyptus plantations in south 
China. a. Scleroderma citrinum; b. S. cepa; c. S. polyrhizum; d. Pisolithus tinctorius; e. Laccaria 
laccata; f. Amanita griseoverrucosa. 
 
Species  richness  and  abundance  of  putative  ECM  fungi  varied  between 
geographic  locations  (Table  2.2).  Thirteen  species  were  recorded  from  highland 
Yunnan Province, 10 from Guangdong, 9 from Guangxi and 6 from Hainan Island. 
The higher species richness was obtained from Chuxiong (0.47), Jingdong (0.40) and 
Baoshan (0.40) in Yunnan, Liuzhou (0.33) and Pingxiang (0.33) in Guangxi, and Chapter 2 
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Table 2.2.    Abundance and species richness of putative ECM fungi under Eucalyptus plantations. 
 
Location  A1
1  A1  B1  L1  L2  P1  P2  R1  R2  S1  S2  S3  S4  S5  S6  SR 
2 
Gaoyao   0
 3  0  0  +  0  0  ++  0  0  0  0  ++  ++  0  +  0.33 
Guangzhou  +  0  0  +  0  0  0  0  0  0  0  +  +++  0  0  0.27 
Kaiping   0  0  0  +  0  0  ++  0  0  0  0  ++  0  0  +  0.27 
Leizhou  0  0  0  0  0  0  +++  0  0  0  0  +++  0  0  ++  0.20 
Qingyuan   0  +  0  0  +  0  +  +  0  0  0  0  +  0  0  0.33 
Shaoguan  +  0  0  0  0  0  0  +  0  0  0  +  0  0  +  0.20 
Xinhui  0  0  0  0  +  0  +  0  0  0  0  ++  0  0  ++  0.27 
Xuwen  0  0  0  +  0  0  +  0  0  0  0  +++  0  0  +  0.27 
Yangjiang  0  0  0  0  0  +  +  0  0  0  0  +  0  0  0  0.20 
Yangxi  0  0  0  +  0  0  0  0  0  0  0  ++  0  0  +  0.20 
G
u
a
n
g
d
o
n
g
 
Zhanjiang   0  0  0  0  +  0  ++  0  0  0  0  +  +  0  0  0.27 
Baise  0  0  0  0  0  0  +  0  +  0  0  0  0  0  +  0.20 
Fusui  0  0  0  0  0  0  ++  0  0  0  0  +  0  0  0  0.13 
Liuzhou   0  0  0  +  +  0  0  +  0  0  0  +  0  0  +  0.33 
Nanning  0  0  0  0  0  0  +  0  0  0  0  +  0  0  0  0.13 
Pingxiang  0  0  + 
4  0  0  0  +  0  +  0  0  0  +  0  +  0.33 
Qinzhou  0  0  0  0  0  0  +  0  0  0  0  +  0  0  0  0.13 
Wuzhou  0  0  0  0  +  0  0  + 
4  0  0  0  0  0  0  0  0.13 
G
u
a
n
g
x
i
 
Yulin  0  0  0  0  0  0  0  +  0  0  0  0  +  0  +  0.20 
Anding  0  0  0  0  0  0  +  0  0  0  0  0  +  0  0  0.13 
Chengmai  0  0  0  0  0  0  0  0  0  0  0  +  0  0  0  0.07 
Danzhou  0  0  0  +  0  0  0  0  0  +  0  0  0  +  0  0.13 
Ledong  0  0  0  0  0  0  +  0  0  0  0  0  ++  0  0  0.13 
H
a
i
n
a
n
 
Lingao  0  0  0  0  0  0  ++  0  0  0  0  +  0  0  0  0.13 
Anning  0  +  0  0  0  0  0  0  0  +  0  0  0  0  ++  0.27 
Baoshan  0  0  + 
4  0  0  +  +  0  0  0  0  +  +  0  +  0.40 
Chuxiong  +  +  0  0  ++  0  +++  +  0  0  0  ++  0  + 
4  0  0.47 
Dali  +  0  0  0  +  0  0  0  0  0  + 
4  0  ++  0  0  0.27 
Gejiu  0  0  0  0  0  +  0  0  0  0  0  + 
4  0  0  0  0.20 
Jingdong  +  0  0  0  +  0  0  +  0  0  0  0  +  +  +  0.40 
Y
u
n
n
a
n
 
Simao  0  0  +  0  0  +  0  +  0  0  0  0  0  0  +  0.27 
 
1 Codes of fungi are given in Table 2.1. 
2 SR, species richness (the number of ECM fungal taxa present in each location over the total taxa). 
3 Abundance levels are given in section 2.2.2. Five plantations were sampled for each location. 
4 Probably associated with remnant pine forests. Chapter 2 
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Qingyuan (0.33) in Guangdong. Plantations in Hainan Province had lower species 
richness (0.13 or less). It was noted that eucalypt plantations in Hainan were mostly 
established on barren areas or semi-agricultural land where there were few ECM 
trees in the landscape. 
 
2.3.2 AM fungal diversity 
A total of 21 AM fungi in 5 genera were recorded in soils collected from under 
eucalypt plantations in south China (Table 2.3). There were 12 Glomus species and 
the  other  9  species  were  distributed  across  4  genera  as  follows: Sclerocystis  (4), 
Acaulospora (3), Gigaspora (1) and Scutellospora (1). Spore density and relative 
abundance of each AM fungal taxon was generally low. G. mosseae had a higher 
relative  abundance  of  spores  (22.5),  followed  by  G.  geosporum  (15.4).  Species 
frequency ranged from 2.6% (A. scrobiculate) to 67% (G. mosseae). Four Glomus 
species were frequently observed in more than one third of plantation sites.   
 
2.3.3 Mycorrhizal colonization in field samples 
Examination of mycorrhizal colonization of roots collected from under eucalypt 
plantations  in  south  China  showed  that  mycorrhizal  colonization  rates  were  low 
(Table  2.4). Average  colonization  rate  for  each  location  ranged  from  0  to  15.2% 
(short roots colonized) for ECM and to 16.3% (root length) for AM. Samples from 
Gaoyao, Xinhui, Yangxi and Yulin had 10-15% roots colonized by ECM fungi, while 
those from 7 locations did not form ECM or fewer than 1% roots were colonized. 
About  45%  of  root  samples  (14  locations)  were  colonized  by  AM  fungi  with 
colonization  rates  of  5%  or  more.  Roots  were  usually  colonized  by  one  type  of 
mycorrhizal association (either ECM or AM), or were not mycorrhizal, although dual Chapter 2 
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ECM/AM associations were occasionally observed in a few samples.   
There were six morphotypes of ECM on roots of eucalypts (Table 2.5). ECMs 
formed  by  some  fungal  groups  had  distinct  characteristics  and  were  easily 
distinguished under a microscope. These included Laccaria (white, thin and long 
tips), Scleroderma (distinctly white and glabrous) and Cenococcum (black with firm 
 
Table 2.3.    Diversity of AM fungal spores extracted from soil samples collected from Eucalyptus 
plantations in south China. 
 
AM fungus 
No. of 
plantations 
Species 
frequency 
1 
Relative 
abundance 
2 
Acaulospora foveata Trappe & Janos  17  11.0  0.8 
Acaulospora myriocarpa Spain, Sieverding & Schenck  8  5.2  2.2 
Acaulospora scrobiculate Trappe  4  2.6  3.4 
Glomus aggregatum Schenck & Smith  9  5.8  2.5 
Glomus claroideum Schenck & Smith  15  9.7  4.5 
Glomus constrictum Trappe  23  14.8  0.8 
Glomus dolichosporum Zhang et. Wang  36  23.2  1.6 
Glomus formosanum Wu & Chen  75  48.4  10.0 
Glomus geosporum (Nicol.& Gerd.) Walker  47  30.3  15.4 
Glomus intraradices Schenck & Smith  8  5.2  3.3 
Glomus macrocarpum Tul. & Tul.  3  1.9  4.6 
Glomus microcarpum Tul. & Tul.  12  7.7  5.5 
Glomus microaggregatum Koske, Gemma & Olexia  37  23.9  7.4 
Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe  104  67.1  22.5 
Glomus versiforme (Karsten) Berch  58  37.4  6.5 
Gigaspora margarita Becker & Hall  16  10.3  1.2 
Sclerocystis coremioides Berk. & Broome  10  6.5  0.7 
Sclerocystis rubiformis Gerdemann & Trappe  21  13.5  0.6 
Sclerocystis sinuose Gerdemann & Bakshi  7  4.5  2.4 
Sclerocystis taiwansis Wu & Chen  16  10.3  3.3 
Scutellospora sp. 1 (unnamed)  24  15.5  0.5 
 
1  Species  frequency  (SF),  the  number  of  plantations  in  which  the  species  was  observed/total 
plantations×100. 
2 Relative abundance (RA), the number of spores of a species/total spores×100.   Chapter 2 
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Table 2.4.    Mycorrhizal colonization of roots collected from Eucalyptus plantations in south China. 
 
Location  ECM% 
1  AM% 
1  ECM/AM 
2  ECM fungal genus 
Gaoyao   12.7 d 
3  8.5 d  -  Scleroderma & unknown 
Guangzhou  2.9 b  12 e  -  Scleroderma 
Kaiping   4.6 bc  3.7 c  -  Scleroderma & unknown 
Leizhou  9.5 cd  5.1 cd  +  Pisolithus-like 
Qingyuan   0 a  7.4 d  -   
Shaoguan  6.4 c  0 a  -  unknown 
Xinhui  11.5 cd  2.6 ab  +  Scleroderma & unknown  
Xuwen  4.5 bc  2.2 ab  -  Scleroderma & unknown  
Yangjiang  0 a  4.3 c  -   
Yangxi  15.2 d  7.4 d  +  unknown  
G
u
a
n
g
d
o
n
g
 
Zhanjiang   6.6 c  0 a  -  Pisolithus-like 
Baise  0 a  3.5 c  -   
Fusui  2.5 b  8.2 d  -  unknown  
Liuzhou   0 a  2.7 ab  -   
Nanning  8.0 c  5.3 cd  -  unknown 
Pingxiang  3.8 b  16.3 f  +/-  unknown 
Qinzhou  7.5 c  10.2 e  +  unknown 
Wuzhou  8.4 c  7.0 d  -  unknown 
G
u
a
n
g
x
i
 
Yulin  10.3 cd  4.3 c  -  Scleroderma & unknown 
Anding  4.2 bc  0 a  -  unknown 
Chengmai  2.6 b  2.5 ab  -  unknown 
Danzhou  0.6 a  0 a  -  unknown 
Ledong  0 a  1.5 a  -   
H
a
i
n
a
n
 
Lingao  3.1 b  2.9 ab  -  unknown 
Anning  3.7 b  8.4 d  -  unknown 
Baoshan  4.8 bc  12.9 e  +  unknown 
Chuxiong  5.6 c  6.8 d  +/-  Laccaria
 
Dali  4.5 bc  0 a  -  unknown 
Gejiu  8.9 cd  0 a  -  Cenoccocum 
Jingdong  0 a  3.6 c  -   
Y
u
n
n
a
n
 
Simao  2.5 b  7.4 d  -  unknown 
 
1 ECM, percentage of short roots colonized; AM, percentage of root length colonized. 
2 Dual ECM/AM on same root system present (+), rarely present (+/-) or absent (-) 
3 Data are means of 5 plantation sites; means with the same letters in each column are not significantly 
different by Duncan’s Multiple Range Test (P≤0.05) Chapter 2 
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Table  2.5.    Seven  typical  ECM  morphotypes  present  on  roots  of  Eucalyptus  collected  from  155 
plantations in south China.   
 
Type  Genus  Brief description 
A  Cenococcum  Black; usually monopodial; tips short, straight or bulbous; 0.5-2 mm long, 
0.4-1 mm diameter; with firm black external hyphae arising from the out 
layer of mantle; mantle thick; Hartig net present. Very rare type in root 
samples (Figure 2.3b). 
B  Laccaria  Creamy  white  to  light  vinaceous  grey  when  older;  monopodial  to 
pyramidal; long, straight and spindly; 1-6 mm long, 0.5-2 mm diameter; 
smooth; mantle thin except near the rootcap; white velvety hyphae around 
or near the roots; Hartig net present. Rare in root samples (Figure 2.3e). 
C  Pisolithus-like  Sulphur yellow to yellowish brown; dichotomous, bifurcate to irregular; 
straight; 1-5 mm long, 0.7-1.2 mm diameter; velvety, with some external 
hyphae;  mantle  thin  to  nearly  lacking  showing  the  epidermal  cells 
underneath, especially near rootcaps; Hartig net usually absent. Common 
in some root samples (Figure 2.3c). 
D  Scleroderma  Distinctly white and glabrous; monopodal to monopodal pyramidal, rarely 
dichotomous; tips usually straight, or tortuous; 0.5-6 mm long, 0.2-0.4 mm 
diameter; woolly, with white mantle mycelia and extramatrical mycelia; 
white rhizomorphs commonly present;  mantle thick covering root tips; 
abundant clamp connections in mantle; Hartig net present. Dominant ECM 
type in some root samples collected (Figure 2.3a).  
E  Unknown 1  Brown to vinaceous brown; monopodial; tips long, straight; 2-5 mm long, 
1-2 mm diameter; smooth; external hyphae rare; mantle thick; Hartig net 
seldom present. Very rare in root samples (Figure 2.3d). 
F  Unknown 2  Green-grey to dark brown or black; dichotomous;  0.3-2 mm long, 0.2-1 
mm  diameter;  felty;  mantle  thick;  firm  white  hyphae  sparsely  present 
outside the root; Hartig net absent. Very rare in root samples (Figure 2.3f). 
G  Unknown 3  Light brown to cinnamon; monopodial; straight; 0.5-4 mm long, 0.2-0.8 
mm diameter; cottony; mantle thin and host epidermal cells visible; ECMs 
not  well developed; Hartig net absent. Common in some root samples 
(Figure 2.3g). 
 
external hyphae) (Figure 2.3; Figures 1.6b, 4.6a-f, 4.7d-h and 4.13a-f in Brundrett et 
al., 1996). Scleroderma ECMs were the dominant type in some root samples, while 
others were present occasionally in one or more samples only. Mycorrhizal status of Chapter 2 
Murdoch University 2006  - 48 - 
some  fungi  was  confirmed  by  tracking  hyphae  from  sporocarps  to  roots.  AM 
associations were largely formed by Glomus species, while other types were also 
observed.  AM  morphotypes  at  genus  level  were  determined  by  the  characters  of 
mycorrhizal  structures  (arbuscules,  vesicles  and  hyphae)  and  spores  if  present  in 
roots as described in mycorrhizal manuals (such as Brundrett et al., 1996; Gong et al., 
1997). 
 
 
Figure  2.3.    Typical  ECM 
morphotypes  collected  from 
Eucalyptus  plantations  in 
south China. a. Scleroderma; b. 
Cenococcum;  c.  Pisolithus- 
like; d. Brown ECM tips of an 
unknown genus; e. Laccaria; f. 
Dark brown or dark ECMs of 
an  unknown  genus;  g. 
Light-brown  ECMs  of  an 
unknown  genus.  Brief 
descriptions  on  each  ECM 
morphotype are given in Table 
2.5. 
 
 
 
 
 
 
 
2.3.4 Bioassay assessment 
Roots  harvested  from  12-week  old  container-grown  seedlings  in  a  bioassay 
e
f
d
a
c
b
g
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a
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b
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experiment were poorly colonized (5% or less roots colonized) in all soil treatments 
collected  from  11  eucalypt  locations  in  Guangdong  Province.  There  were  no 
significant differences in ECM (P=0.07) nor AM (P=0.14) colonizations across soils 
tested. However, roots grown in soils collected from Leizhou and Guangzhou were 
colonized by a Scleroderma species. A few light brown ECM tips were observed in a 
Yangxi soil which were similar to those collected from the field (Figure 2.3g).   
 
2.4 Discussion 
 
2.4.1 Fungal diversity 
Both field observations and the bioassay experiment revealed that there was a 
low diversity of mycorrhizal fungi in eucalypt plantations in south China. Species 
richness  and  abundance varied  between  geographic  locations.  Factors  which  may 
have contributed to these differences include climatic and topological characteristics, 
soil properties, plantation age and land history. Although some fungi present in the 
young  eucalypt  stands  were  able  to  complete  their  life  cycles,  as  evidenced  by 
sporocarps  with  spores,  they  were  mostly  weak  colonizers  of  roots  that  were 
collected from near sporocarps, such as Pisolithus. These plantations often had some 
isolated  plants  of  native  members  of  the  Pinaceae  or  Fagaceae  emanating  from 
remnant  patches  of  vegetation.  Since  most  eucalypt  plantations  in  China  were 
established on pre-cleared farm land or coniferous plantations, or were surrounded 
by  native  forests,  there  is  opportunity  for  indigenous  ECM  fungi  to  invade  in 
newly-established  plantations.  These  fungi  could  be  partly  dependent  on 
non-eucalypt  trees,  or  are  using  eucalypts  in  the  absence  of  indigenous  hosts, 
assuming the ECM fungi are native. Spores of some ECM fungi could be blown from Chapter 2 
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remnant nearby vegetations into plantations. Further, the presence of ECM fungi in 
plantations may not mean that they were beneficial to the plantations. 
Eucalypt roots were poorly colonized suggesting the absence of many eucalypt 
compatible fungi. These results are consistent with early observations (Gong et al., 
1997; Chen et al., 2000b; Dell et al., 2002). By contrast with south China, a large 
diversity  of  ECM  fungi  has  been  reported  for  Australia  where  native  eucalypt 
forests/plantations have been established (Chapter 1; Malajczuk and Hingston, 1981; 
Bougher, 1995; Lu et al., 1999). In Australia, ECM fungi of a high diversity often 
occur on soils of similar low fertility. Sporocarps of Laccaria, Descolea, Pisolithus 
and  Scleroderma  were  dominant  in  young  plantations  of  E.  globulus  in  Western 
Australia, which were considered to be early-stage fungi (Lu et al., 1999; Gardner 
and Malajczuk, 1988). Early-stage and late-stage ECM fungi were also reported for 
New  Zealand  (Chu-Chou and Grace, 1982) and Brazil (Bellei  et al., 1992).  It is 
possible, however, the same fungus could act as an ‘early stage fungus’ as well as a 
‘late stage fungus’ depending on host species and habitat. It has been suggested that 
older plantations (≥10 years) have larger fungal diversity than young plantations (Lu 
et al., 1999). In China, eucalypt plantations are managed as short-term crops (3-7 
years), largely for the pulp and paper industries. Further, some ECM fungi, such as 
members of the Ascomycota, Corticiaceae and Tuberaceae, produce small or cryptic 
fruiting bodies, or are hypogeous, thus they may be overlooked during field surveys 
concentrating on above-ground sporocarps. Therefore, results from this study may 
not reflect the below-ground ECM fungal communities as some epigeous fungi may 
not  have  been  fruiting  and  other  many  have  fruited  below  ground.  Nevertheless, 
there  were  a  limited  number  of  ECM  morphotypes  in  the  plantations  that  were 
sampled.   Chapter 2 
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Bioassays  have  previously  been  used  to  evaluate  the  inoculum  potential  of 
infective  propagules  of  mycorrhizal  fungi  in  soil  profile  in  Western  Australia 
(Brundrett and Abbott, 1995; Chen et al., 1999), Canada (Plenchette et al. 1989; 
Massicotte  et  al.,  1999)  and  Senegal  (Duponnois  et  al.,  2005).  Results  from  the 
bioassay  experiment,  using  soils  collected  from  under  eucalypt  plantations, 
confirmed the low diversity of mycorrhizal fungi and poor inoculum levels in soils 
for eucalypt plantations in south China. It is presumed that increasing the fungal 
diversity could benefit the health of eucalypts, through enhanced growth of trees, 
increased  tolerance  of  trees  to  adverse  soil  or  environmental  conditions,  and 
improved nutrient cycling, which may increase the sustainability of plantations. The 
apparent low diversity of ECM fungi and their weak colonization suggests there is a 
need to introduce suitable symbionts to eucalypt nurseries to improve establishment 
of eucalypt plantations and their productivity in south China. 
 
2.4.2 Dual colonization 
This study confirmed early findings of occasional multiple colonization by ECM 
and AM fungi on eucalypt roots (Lapeyrie and Chilvers, 1985; Brundrett et al., 1996; 
Oliveira  et  al.,  1997;  Chen  et  al.,  2000a;  Lodge,  2000).  However,  the  ECM 
associations have been considered to be more important than AM fungi in studies of 
eucalypt root structure, physiology and for healthy eucalypt plantations (Chilvers and 
Pryor, 1965; Hilbert and Martin, 1988; Chen et al., 2000a). Some ECM fungi have 
been shown to provide substantial host growth responses and are considered to be 
important  for  tree  productivity  in  plantations  (Grove  and  Malajczuk,  1994; 
Malajczuk et al., 1994; Brundrett et al., 1996; Chen et al., 2000a).   
 Chapter 2 
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2.4.3 Potential of Scleroderma 
Several species of Scleroderma were the dominant ECM fungi under eucalypt 
plantations in south China. These taxa are described further in Chapter 3. However, 
due  to  the  low  extent  of  root  colonization  in  the  field,  introduction  of  suitable 
isolates/collections of this genus is recommended. Before this can be achieved it will 
be  necessary  to  identify  eucalypt-compatible  Scleroderma  species  and  optimize 
conditions  for  the  formation  of  Scleroderma  mycorrhizas  in  nursery  containers 
(Chapters  4-7).  Although  Pisolithus  tinctorius  was  also  common  under  some 
eucalypt stands, this fungus should be excluded for inoculating eucalypts because of 
its poor ability to colonize eucalypt roots in the field. Previous studies have shown 
that  Pinus-associated  Pisolithus  generally  form  incomplete  associations  with 
eucalypts (Malajczuk et al., 1982; Duddridge, 1986; Malajczuk et al., 1990; Lei et al., 
1990; Dell et al., 1994; Dell et al., 2002).   
 Chapter 3 
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CHAPTER 3 
 
MORPHOLOGICAL DESCRIPTION AND   
MOLECULAR PHYLOGENY OF SCLERODERMA 
COLLECTED FROM UNDER EUCALYPTUS PLANTATIONS 
IN SOUTH CHINA AND WESTERN AUSTRALIA 
 
 
 
SEM image of Scleroderma sp.2 basidiospore (hypogeous) Chapter 3 
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CHAPTER 3 
 
Morphological description and molecular phylogeny of Scleroderma 
collected from under Eucalyptus plantations in south China and 
Western Australia 
 
 
3.1 Introduction 
 
Some 40 species of Scleroderma have been recorded around the world (Guzmán, 
1970; Sims et al., 1995; Guzmán et al., 2004; Watling and Sims, 2004), including 9 
newly  described  species  (James  Trappe,  pers.  comm.)  (Chapter  1).  However, 
Scleroderma has not been well studied in the Australasian region nor SE Asia. Six 
putative  species  have  been  recorded  from  under  Eucalyptus  plantations  in  south 
China based on field observations (Chapter 2). A few species, such as S. cepa and S. 
citrinum, are common to south China and Western Australia. Some 140 collections of 
this genus gathered mainly from under Eucalyptus plantations in south China and 
Western Australia are examined and descriptions on each taxon were given as the 
first part of this chapter. 
Because  morphological  characters  are  sometimes  difficult  to  define  fungal 
species, molecular tools, such as phylogenetic analysis of gene sequences using PCR 
amplification (Fischer, 1995; Swofford, 2002) have been used to delineate fungal 
taxa. The internal transcribed spacer (ITS) of rDNA is a highly conserved region and 
is  therefore  often  targeted  for  phylogenetic  studies.  For  example,  phylogenetic Chapter 3 
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relationships of world species have been analyzed for Pisolithus (Martin et al., 2002) 
and  Russula  (Miller  and  Buyck,  2002).  However,  only  22  sequences  of  various 
regions of genes are available for Scleroderma (GenBank Assessions). Therefore, 
knowledge of phylogenetic relations between collections of this genus around the 
world is limited. For example, only 3 isolates of Scleroderma have been sequenced 
for ITS rDNA with one known species. Therefore, the large subunit (LSU) rDNA 
regions  of  some  collections  were  sequenced  for  phylogenetic  analysis  with  9 
reference sequences of known Scleroderma taxa from GenBank. Analysis of selected 
ITS sequence data were also obtained to compare geographic relationships between 
Chinese and Australian Scleroderma. The findings are given in the second half of this 
chapter. 
 
3.2 Materials and methods   
 
3.2.1 Fungal collecting 
To better understand the host range of Scleroderma with exotic eucalypt trees in 
south  China,  collections  of  Scleroderma  were  made  from  both  south  China  and 
Western Australia. Some of these collections were involved in phylogenetic analysis 
(this  Chapter)  and  were  used  to  match  eucalypt  seedlings  in  Chinese  nurseries 
(Chapters  4,  5  &  6).  Sporocarps  were  gathered  from  the  soil  surface  beneath 
Eucalyptus plantations in the two regions over 2 years during this study (Chapter 2). 
Where  feasible,  hypogeous  sporocarps  were  also  obtained.  In  addition  to  those 
eucalypt species mentioned in Chapter 2, stands of the following additional species 
in Western Australia were used for collecting: E. patens, E. platypus, E. propinqua 
and  E.  wandoo.  Sporocarps  were  also  collected  from  under  coniferous  or Chapter 3 
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broad-leafed  forests  adjacent  to  eucalypt  plantations  in  south  China.  A  few 
collections, obtained from south Asia, were included for comparisons. 
For each collection site, details such as the location, vegetation and important 
plant species nearby, and soil type were recorded. Morphological characters of fresh 
specimens  were  noted  on  a  standardized  data  sheet  (Appendix  IV)  in  the  field. 
Photographs of each morphotype were taken in the field to provide a clear visual 
record of the main features for further identification.   
 
3.2.2. Isolation, spore collecting and specimen preparation 
Sporocarps collected from field were kept in a cool container or paper bags until 
transported  to  a  nearby  laboratory.  Photographs  and  notes  were  taken  on  freshly 
collected  specimens.  Some  unopened  sporocarps  were  cut  with  a  sterile  blade 
enabling spores to be collected free of contamination. Samples of the fresh spore 
mass were stored in CTAB for DNA analysis (Section 3.2.4). Hymenium or spores 
were  used  to  obtain  pure  cultures  on  PDA  agar  (autoclaved  at  121 
0C,  15  min). 
Mycelial growth characters were described (Appendix V). Finally, sporocarps were 
air-dried  at  30-40 
0C  using  an  electrical  fruit  dryer  for  48-72  hours.  Juvenile 
sporocarps were cut into slices (20-40 mm thick) to facilitate air-drying. Air-dried 
spore  masses  were  collected  from  inside  mature  sporocarps  and  stored  in  sealed 
tubes at 4 
0C for use as spore inoculum (Chapters 4, 5 & 6). 
 
3.2.3 Morphological description of sporocarps and basidiospores 
The main features of each collection, including characters visible in the field and 
under  a  microscope,  were  described  based  on  sporocarp  and  basidiospore 
morphologies. Descriptions of sporocarps were made from fresh specimens observed Chapter 3 
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with the naked eye and a ×10 hand lens. Names of colours and the accompanying 
colour  codes  were  referred  to  the  Methuen  Handbook  of  Colour  (Kornerup  and 
Wanscher, 1978) which is one of the main colour standards used with larger fungi. 
Microscopic features were determined from air-dried specimens using an Olympus 
T2 compound microscope, often requiring a 100 × oil immersion objective. Colours, 
measurements and shapes of all microscopic features were obtained in 3% KOH, 
unless otherwise stated. Fifty to 100 basidiospores of each specimen were measured 
and spore diameters including ornament were expressed as Q=x±SD, where  x  is 
the average diameter of all specimens (µm), and SD is the sample standard deviation. 
One collection from either south China or Western Australia which was considered to 
be typical and representative of each taxa was described in detail, and illustrations on 
sporocarps and spores were made for each taxa. Spores of some specimens were also 
examined under a Philips XL20 scanning electronic microscope (SEM). Methods for 
preparation of spores for SEM are given in Appendix III. 
In this Chapter, the term ‘collection’ is used to refer to specimens consisting of at 
least several sporocarps, often at different stages of development of the same taxon 
collected around a single tree or in a discrete patch. This term is also used in the 
following chapters for spore inoculum to reflect the original specimens. Specimens 
from this study were lodged as dried vouchers at Murdoch University, Perth, and 
duplicates were deposited at the Research Institute of Tropical Forestry, Guangzhou. 
 
3.2.4 Fungal materials and DNA extraction 
Spore masses kept in CTAB or directly obtained from inside of dry herbarium 
were used for DNA extraction. Spore masses were grounded using a glass rod and 
suspended in 200 µl DNA extraction buffer (200 mM Tris-HCl pH 8.0, 150 mM Chapter 3 
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NaCl, 25 mM EDTA, 0.5% SDS) (or CTAB). Suspension were then incubated for 1 
hr at 70 
0C and purified using the Ultrabind ® DNA purification kit following the 
manufacturer’s instructions (MO BIO Laboratories, California, USA) (Appendix VI). 
 
3.2.5 DNA amplification of LSU and ITS regions of rDNA 
DNA amplification was performed by polymerase chain reaction (PCR) using a 
GeneAmp 9600 thermocycler (Applied Biosystems) (Appendix VI). The LSU region 
was amplified using the primers LR0R and LR7 (Table 3.1). 1.5 µl of genomic DNA 
was used in a standard 25 µl PCR mixture (25 mM MgCl2, 10 Mg-free buffer, 2.5 
µM  dNTPs,  1.5  µM  primers,  and  0.5  unit  of  Taq  Polymerase).  Thermal  cycling 
conditions for amplification of LSU region are as follows: the initial cycle consisted 
of 94 
0C for 2 min (initial denaturation), followed by 10 thermal cycles consisting of 
94 
0C for 30 s (denaturation), 55 
0C for 90 s (primer annealing) and 72 
0C for 90 s 
(elongation); and then further 30 cycles of 94 
0C for 30 s, 52 
0C for 1 min and 72 
0C 
for 1 min, the final extension step of 72
0C for 5 min. The ITS region spanning the 3’ 
end of the 16S (small subunit) rRNA gene, the first ITS (ITS1), the complete 5.8S 
rRNA gene, the second ITS (ITS2) and the 5’ end of the 28S (large subunit) rRNA 
was  amplified  using  the  primers  ITS-1  and  ITS4  (Table  3.1).  The  initial  cycle 
consisted of 94 
0C for 2 min, followed by 35 standard thermal cycles consisting of 94 
0C for 30 s, 55 
0C for 45 s and 72 
0C for 1 min. 
 
3.2.6 DNA sequencing and phylogenetic analysis 
Purified rDNA fragments were sequenced from both ends using the primer pairs 
ITS-1 and ITS-2 for ITS region, and LR0R and LR5 for LSU region, respectively, Chapter 3 
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with  the  BigDye  Terminator  Cycle  Sequencing  Reaction  Kit  (PE  Applied 
Biosystems, Forest City, CA). The products were separated by PAGE on an ABI 
PRISM
TM 377 DNA sequencer (PE Applied Biosystems, Foster City, CA) according 
to  the  manufacturer’s  instructions,  except  that  reaction  volumes  were  half  those 
recommended.  Sequences  were  edited  and  aligned  using  SEQUED  1.04  and 
CLUSTAL X (Thompson et al., 1997; PE Applied Biosystems, Foster City, CA).   
 
Table  3.1.    Sequences  of  primers  used  for  amplification  ITS  and  LSU  regions  of  rDNA  for 
Scleroderma. 
 
Region  Primers  Primer sequence (5’ – 3’)  Reference 
ITS  ITS-1  TCC GTA GGT GAA CCT GCG G  White et al., 1990 
  ITS-4  TCC TCC GCT TAT TGA TAT GC  White et al., 1990 
LSU  LR0R    ACC CGC TGA ACT TAA GC  Vilgalys and Hester, 1990 
1 
  LR5  TCC TGA GGG AAA CTT CG  Vilgalys and Hester, 1990 
  LR7  TAC TAC CAC CAA GAT CT  Vilgalys and Hester, 1990 
 
1 http://www.biology.duke.edu/fungi/mycolab/primers.htm. Cited on 10 January, 2006. 
 
Selected  sequence  data  of  LSU  and  ITS  regions  (Table  3.2)  and  reference 
sequences of Scleroderma from GenBank (Table 3.3) were aligned and phylogenetic 
trees  constructed  using  PAUP  (Phylogenetic  Analysis  Using  Parsimony)  version 
4b10  (Swofford,  2002).  The  most  parsimonious  trees  were  obtained  by  using 
heuristic  searches,  using  stepwise  addition  and  tree  bisection  and  reconstruction 
(TBR) as the branch swapping algorithm. Maxtrees were unlimited; branches of zero 
length  were  collapsed  and  all  multiple  equally  parsimonious  trees  were  saved. 
Uninformative and ambiguous characters were excluded from analysis. Branch and 
branch node supports were determined using 1000 bootstrap replicates (Felsenstein, 
1985).  Estimated  levels  of  homoplasy  and  phylogenetic  signal  (retention  and Chapter 3 
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Table 3.2.    Fungal collections used for phylogenetic study of Scleroderma collections. 
 
Putative species  Collection No. 
1  Host  Location 
S. albidum  CY-2019  Eucalyptus globulus  Western Australia 
S. areolatum  CY-2014  Eucalyptus globulus  Western Australia 
S. areolatum  CY-2063  Eucalyptus globulus  Western Australia 
S. bovista  CY-2015  Eucalyptus globulus  Western Australia 
S. cepa  CY-1043  Eucalyptus urophylla  south China 
S. cepa  CY-1046  Eucalyptus urophylla  south China 
S. cepa  CY-2013  Eucalyptus globulus  Western Australia 
S. cepa  CY-2041  Eucalyptus globulus  Western Australia 
S. cepa  CY-2054  Eucalyptus globulus  Western Australia 
S. cepa  CY-2056  Eucalyptus globulus  Western Australia 
S. citrinum  CY-1045  Eucalyptus urophylla  south China 
S. citrinum  CY-2058  Eucalyptus globulus  Western Australia 
S. citrinum  CY-2060  Eucalyptus globulus  Western Australia 
S. flavidum  CY-3002  mix forest  northern Thailand 
S. meridionale  CY-2047  Eucalyptus globulus  Western Australia 
S. meridionale  CY-2064  Eucalyptus globulus  Western Australia 
S. paradoxum (hypogeous)  CY-2057  Eucalyptus globulus  Western Australia 
S. paradoxum (hypogeous)  CY-2018  Eucalyptus globulus  Western Australia 
S. paradoxum (hypogeous)  CY-2048  Eucalyptus globulus  Western Australia 
S. polyrhizum  CY-1035  Eucalyptus urophylla  south China 
S. polyrhizum  CY-1047  Eucalyptus globulus  south China 
S. polyrhizum  CY-2012  Eucalyptus globulus  Western Australia 
S. septentrionale  CY-2021  Eucalyptus globulus  Western Australia 
S. septentrionale  CY-2049  Eucalyptus globulus  Western Australia 
S. sp.1 (hypogeous)  CY-2071  Eucalyptus gomphocephala  Western Australia 
S. sp.2 (hypogeous)  CY-2045  Eucalyptus globulus  Western Australia 
S. sp.3 (yellow peridium)  CY-1032  Pinus massoniana  south China 
S. sp.4 (golden peridium)  CY-1042  Pinus massoniana  south China 
 
1 Collection No. in bold face indicates the use of spores as inoculum in this thesis. 
 
consistency indices and g1-value) (Hillis and Huelsenbeck, 1992) were determined 
using PAUP. Analyses were performed in PAUP to determine statistical congruence Chapter 3 
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(Farris  et  al.,  1995;  Huelsenbeck  et  al.,  1996).  Two  reference  accessions  of 
Pisolithus  (AF336262  for  ITS  region  and  AF374719  for  LSU)  were  used  as  the 
outgroup sequences. 
 
Table 3.3.    GenBank accessions for ITS and LSU rDNA sequences of Scleroderma. 
 
Scleroderma  Access. No.  Location  Gene  Reference 
S. sp. CM 1  AB099900  Japan  ITS  Kanchanaprayudh et al., 2003 
S. bovista  AB099901  Japan  ITS  Kanchanaprayudh et al., 2003 
S. bovista  AB211267  Japan  ITS  Nara, 2005 (unpublished) 
S. columnare  AF261533  U.S.A.  LSU  Moncalvo et al., 2002 
S. areolatum  AF336263  Germany  LSU  Binder et al., 2002 
S. bovista  AF336264  Germany  LSU  Binder et al., 2002 
S. cepa  AF336265  Tasmania  LSU  Binder et al., 2002 
S. citrinum  AF336266  Germany  LSU  Binder et al., 2002 
S. dictyospora  AF336267  Malaysia  LSU  Binder et al., 2002 
S. echinatum  AF336268  Malaysia  LSU  Binder et al., 2002 
S. geaster  AF336269  U.S.A.  LSU  Binder et al., 2002 
S. sinnamariense  AF336270  Malaysia  LSU  Binder et al., 2002 
 
3.3 Results 
 
3.3.1 Morphological descriptions of taxa 
Twelve  putative  taxa  of  Scleroderma  genus  were  identified  based  on  the 
morphological characters of sporocarps and basidiospores of collections primarily 
gathered  from  beneath  Eucalyptus  plantations  in  south  China  and  south-western 
Australia.  Examinations  confirmed  early  observation  that  spore  morphology  of 
species in this genus fell into four typical categories: echinulately spiny, verrucosely 
spiny,  sub-reticulate  or  reticulate  (Chapter  1;  Guzmán,  1970;  Sims  et  al.,  1995). 
Specimens collected from above ground (epigeous) were assigned to one of 9 species, 
and there were 3 hypogeous species. Six species were described from under eucalypt Chapter 3 
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plantations  in  south  China,  i.e.  S.  areolatum,  S.  bovista,  S.  cepa,  S.  citrinum,  S. 
paradoxum (hypogeous) and S. polyrhizum. From collections gathered from Western 
Australia, 12 taxa were identified including the above 6 species and other 6 species 
are S. albidum, S. meridionale, S. septentrionale, S. verrucosum, and two hypogeous 
species (Scleroderma sp.1 and Scleroderma sp.2). A conifer-specific taxon (CY-1032) 
from south China was also included in this chapter (S. sp.3, Section 3.3.1.13), as it 
was included in the host range trial (Chapter 5). Details of species descriptions are 
based on the collections stated. 
 
3.3.1.1 Scleroderma albidum Pat. & Trab. (1899), Figure 3.1. 
BASIDIOMA:  subglobose,  2.5-5  cm  diam.,  fresh  surface  bruising  yellowish 
orange to reddish brown; no base or extended to occasionally sessile. PERIDIUM: 
smooth or cracked to form irregular yellow scales, fissures often colored, surface 
yellowish to dark brown with KOH, 1.5-2 mm thick. BASIDIOSPORES: globose, 
Q=13±1.5 µm diam., echinulate, blunt spines, 1-1.5 µm long. 
REMARKS: Scleroderma albidum was uncommon under eucalypt plantations in 
south China and Western Australia. Only two collections were made. 
MATERIAL: Albany, Western Australia (CY-2019, CY-2080). 
 
a b a b
 
 
Figure 3.1.    Scleroderma albidum (CY-2019). a. Longitudinal section of a sporocarp; b. Scanning 
electron microscopy view of basidiospores. Chapter 3 
Murdoch University 2006  - 63 - 
3.3.1.2 Scleroderma areolatum Ehrenb. (1818), Figure 3.2. 
BASIDIOMA:  subglobose,  later  urn-shaped,  10-50×30-75  mm.  PERIDIUM: 
simple, appressed-squamose, leathery, tough, scales brownish on a yellowish ground, 
1  mm  thick  near  top,  up  to  3  mm  near  base,  dehiscing  by  an  apical  pore;  short 
longitudinally  furrowed  stalk,  10-20  mm  long,  buried  in  the  ground,  yellowish, 
glabrous to finely squamose. GLEBA: whitish and with interspersed glebal hyphae 
when  mature,  no  capillitium,  solitary  to  gregarious,  clamp  connection  absent. 
BASIDIOSPORES:  globose,  large,  Q=14±1.3  µm  diam.,  densely  spiny  but  not 
reticulate, spines 1.2-2.7 µm long, sharp, brown to golden brown. 
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Figure 3.2.    Scleroderma areolatum. a. Side view of a mature sporocarp (CY-2066); b. Longitudinal 
section of a sporocarp showing the peridium thickens from the top to the base (CY-2068); c. Scanning 
electron microscopy view of basidiospores (CY-1014); d. Light microscopy view of basidiospores 
showing the sharp spines (CY-2066). 
 
REMARKS: Basidiomes of S. areolatum are soft and the unsplit peridium can be 
easily pushed inwards. This feature differs from many Scleroderma species which Chapter 3 
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remain usually tough and leathery. Although S. verrucosum has similar sporocarps, 
its  spores  are  smaller  (7-8×11-12  µm)  with  shorter  spines  (Guzmán,  1970).  S. 
areolatum grow gregariously in sandy soil in association with Eucalyptus globulus in 
Western  Australia  and  E.  urophylla  in  south  China.  This  fungus  was  also  found 
beneath Pecan carya and Melaleuca preissii in WA.   
MATERIAL: Albany, Western Australia (CY-2063); Chuxiong, Yunnan, China 
(CY-1014);  Guangzhou,  Guangdong,  China  (CY-1051);  Lockhart  Plantation, 
Western  Australia  (CY-2026);  10  KM  east  of  Kalamunda,  Western  Australia 
(CY-2066); Jandokot, Perth, Western Australia (CY-2068). 
 
3.3.1.3 Scleroderma bovista Fr. (1829), Figure 3.3. 
BASIDIOMA:  tuberlike,  spherical  to  somewhat  pyriform,  stalkless  or  with  a 
short, longitudinally furrowed stalk, 20-60 mm across. PERIDIUM: simple and thin 
(<1 mm thick), firm dry, smooth to finely appressed-squamose, scales red-brownish 
on a yellowish ground, leathery, tough. At mature the peridium ruptures irregularly at 
the apex and releases the spores. Stalk 10-20 mm long, almost completely buried in 
the ground. GLEBA: whitish when young, firm, then brown with yellow marbling, 
eventually  becoming  black,  powdery  when  mature,  without  capillitium.  Clamp 
connections present, some hyphal ends moniliform and inflated. BASIDIOSPORES: 
globose, regularly costate-spinose with reticulate ornamentation (in KOH), brown, 
Q=11±1.7 µm diam., costae up to 2.5 µm high.   
REMARKS: Both S. bovista and S. verrucosum have a thin peridium, but S. 
bovista  differs  in  having  reticulate-costate  spores  and  hyphae  with  clamps.  S. 
citrinum also has reticulate-costate spores, but it has a thicker peridium (up to 5 mm). 
S. fuscum, S. texense, S. verrucosum subsp. bovista, S. verrucosum var. bovista are Chapter 3 
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synonyms. Basidiomes of S. bovista were present under E. globulus plantations in 
highland Yunnan Province. 
 
a b
c
a b
c
 
 
Figure 3.3.    Scleroderma bovista (CY-1008). a. Longitudinal sections showing the thin peridium and 
dark-brown spore mass; b. Scanning electron microscopy view of basidiospores; c. Light microscopy 
view of basidiospores showing spines. 
 
MATERIAL:  Kunming,  Yunnan,  China  (CY-1006);  Murdoch  University 
Campus, Perth, Western Australia (CY-2015); Yiliang, Yunnan, China (CY-1008, 
CY-1009, CY-1010). 
 
3.3.1.4 Scleroderma cepa Pers. (1801), Figure 3.4. 
BASIDIOMA: obpyriform or subturbinate, at maturity often slightly flattened to 
cushion-shaped, the base pinched or folded, 15-50 mm across. PERIDIUM: thick 2-4 
mm  (thin  in  a  few  specimens),  tough  and  leathery  when  dry,  finely  cracked  or 
areolate above, dehiscing by irregular rapture into several lobes, frequently become 
recurved and stellate, pallid straw colour, bright lemon yellow bruising darker brown Chapter 3 
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where handled or injured. Stalk attached to the substrate via a tuft of mycelium, the 
latter sometimes aggregated into a pseudostipe. GLEBA: white turning purple-black, 
firm-textured, with interspersed white mycelium, in age, dull brown, Hyphae clamp 
connections  absent.  BASIDIOSPORES:  small,  Q=8.5±1.5  µm  diam.,  globose, 
densely echinulate, spines to 2.5 µm long, not reticulate. 
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Figure 3.4.    Scleroderma cepa (CY-2074). a. Freshly collected sporocarps, note the white mycelia 
and  attached  soil,  and  dehiscence  by  an  apical  pore  from  the  top;  b.  Longitudinal  section  of  a 
sporocarp showing the thick peridium and dark-brown spore mass (CY-2041); c. Scanning electron 
microscopy  view  of  a  basidiospore  showing  long  dense  spines;  d.  Light  microscopy  view  of 
basidiospores. 
 
REMARKS: S. cepa differs from S. areolatum as it has a thicker, more coarsely 
scaly peridium, and star-shaped old fruit bodies. S. cepa is characterized by the firm, 
finely areolate to almost smooth, relatively thick peridium, but not with raised warts 
as is the case in S. citrinum which can be further distinguished by reticulate rather 
than spiny spores. Sporocarps of S. cepa also have a thin peridium. Sequences of Chapter 3 
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LSU rDNA gene were obtained and compared for both morphotypes (Section 3.3.2). 
Sporocarps of S. cepa were commonly present under Eucalyptus plantations in south 
China and Western Australia. 
  MATERIAL:  Albany,  Western  Australia  (CY-2020,  CY-2041,  CY-2042, 
CY-2043; CY-2054); Augusta, Western Australia (CY-2056); Deep Creek, Western 
Australia  (CY-2033,  CY-2034);  Kerruish  Plantation,  Albany,  Western  Australia 
(CY-2031);  Kalamunda,  Western  Australia  (CY-2065,  CY-2074);  Lingao,  Hainan, 
China  (CY-1040);  Liuxihe  Forest  Park,  Guangdong,  China  (CY-1029);  Lockhart 
Plantation, Albany, Western Australia (CY-2025); Ludlow National Park, Bunbury, 
Western Australia (CY-2070, CY-2073); Murdoch University South Street Campus, 
Perth, Western Australia (CY-2013); Willowdale Mine, Western Australia (CY-2069); 
Xinhui, Guangdong, China (CY-1043, CY-1046); Yunnan, China (CY-1021). 
 
3.3.1.5 Scleroderma citrinum Pers. (1801), Figure 3.5. 
BASIDIOMA: tuberous, 20-130 mm across, course scales, scales brown on a 
lemon-to pale yellow or brown-yellow background, in some case, profusely scaly, 
scales arranged in rosette, rhizomorphs spherical, almost stalkless with a constricted 
base – whitish mycelial strands. PERIDIUM: 2-4.5 mm thick, 1-2 mm when dry, 
leathery, tough and simple. Clamp connections present. BASIDIOSPORES: globose, 
Q=11±1.8 µm diam., reticulate, spore mess thick and white at first, becoming purple 
to purple-black from the center outwards, eventually blackish to brownish.   
REMARKS: S. citrinum  is  a  thick-skinned  puffball  containing  a  dark  purple 
spore  mass.  The  outside  of  the  rind-like  peridium  is  similar  to  the  surface  of  a 
basketball - little bumps. The peridium appears cracked and warty on the outside. 
The basidiomes are sometimes attacked by Boletus parasiticus. S. cepa is similar in Chapter 3 
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appearance,  which  is  noted  for  the  outside  rind bruising  'vinaceous'  when  cut  or 
rubbed. Also similar is S. areolatum, which is much thinner and the 'warts' are darker 
and  thinner  on  a  lighter  coloured  background.  Scleroderma  aurantiacum, 
Scleroderma  aurantium,  and  Scleroderma  vulgare  are  synonyms.  One  collection 
(CY-2017)  from  Rottnest  Island,  Western  Australia  (under  E.  platypus  and  E. 
gomphocephala) had similar features to S. citrinum, but was deeply cracked or scaly. 
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Figure  3.5.    Scleroderma  citrinum.  a.  Sporocarp  with  large  profuse  scales  arranged  in  rosette 
(CY-2024); b. Peridium segments displaying umbel-like lobes (CY-2044); c. Sporocarp attached with 
mycelia and soil (CY-2040); d. Longitudinal section showing the thick peridium and dark purple 
spore mass (CY-1045); e. Scanning electron microscopy view of a basidiospore showing long dense 
spines (CY-2024); d. Light microscopy view of prominently reticulate basidiospores (CY-2024). 
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Murdoch University 2006  - 69 - 
MATERIAL:  Deep  Creek,  Western  Australia  (CY-2032,  2035,  2040); 
Fenghuangshan, Jinggu, Yunnan, China (CY-1005); Guangzhou, China (1044, 1045); 
Kunming, Yunnan, China (CY-1007); Lingao, Hainan, China (CY-1036); Lockhart 
Plantation,  Albany,  Western  Australia  (CY-2024,  CY-2058);  Menggao  Reserve, 
Menghai, Yunnan, China (CY-1003); Peace, Denmark, Western Australia (CY-2077); 
Perth, Western Australia (CY-2060); Spencer Plantation, Albany, Western Australia 
(2044); Shimen, Nanning, Guangxi, China (CY-1013). 
 
3.3.1.6 Scleroderma meridionale Demoulin & Malençon (1971), Figure 3.6. 
BASIDIOMA: grayish yellow, 15-40 mm wide, 20-45 mm long with long, well 
developed rhizomorphic base, the base up to 80 mm long and 45 mm wide, base 
extended into 20-30 projections connecting to soil hyphae; PERIDIUM: soft when 
fresh; smooth to cracked above; dehiscence by an apical pore. Clamp connections 
present. BASIDIOSPORES: globose or nearly so, Q=12±1.4 µm, densely spiny and 
reticulate, spines 1.5-2 µm long.   
REMARKS:  Basidiomes  of  S.  meridionale  are  characterized  by  the 
well-developed long rhizomorphic stipe, which are extended into several bundles of 
mycelia. S. meridionale is nearly identical to S. septentrionale (Section 3.3.1.9) by its 
yellowish  rhizomorphic  base  and  shorter  spines  (1-2  µm  long)  on  spores.  S. 
macrorrhizon  is  a  synonym  for  the  combination  of  S.  septentrionale  and  S. 
meridionale. Specimens of S. meridionale were collected from under E. globulus 
plantations in Western Australia. 
MATERIAL:  Deep  Creek  Plantation,  Albany,  Western  Australia  (CY-2036, 
CY-2047);  Kerruish  Plantation,  Albany,  Western  Australia  (CY-2027,  CY-2030, 
CY-2064). Chapter 3 
Murdoch University 2006  - 70 - 
 
 
Figure 3.6.    Scleroderma meridionale. a. Sporocarp in the field dehiscing by an apical pore from the 
top (CY-2064); b. Sporocarp with well developed rhizomorphic base (CY-2027); c. Sporocarps with 
bases extended into projections connecting to soil hyphae (CY-2036); d. Longitudinal section showing 
the thick peridium and dark purple spore mass (CY-2030); e. Scanning electron microscopy view of a 
basidiospore  with  dense  spines  (CY-2064);  d.  Light  microscopy  view  of  reticulate  basidiospores 
(CY-2064). 
 
3.3.1.7 Scleroderma paradoxum Beaton (1982), Figure 3.7. 
BASIDIOMA:  solitary,  hypogeal,  globose  to  subglobose,  10-20  (Chinese)  or Chapter 3 
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25-45 mm (Australian); stalkless with branched whitish mycelial stands; PERIDIUM: 
brown, smooth when fresh and covered with rounded warts; 1.5-4 mm thick (1 mm 
when  dry);  indehiscent.  Clamp  connections  present.  BASIDIOSPORES:  globose, 
spore mess grayish orange, Q=8±1.5 µm diam., spines 2.5-3.5 µm long. 
 
 
 
Figure 3.7.    Scleroderma paradoxum (CY-2018). a. Longitudinal section of a sporocarp; b. Scanning 
electron microscopy view of a basidiospore; c. Light microscopy view of spiny basidiospores. 
 
REMARKS: Basidiomes from the Chinese specimens examined are larger than 
the  Australian  collections.  In  Beaton  and  Weste  (1982),  basidiomes  of  eastern 
Australian collections were less than 15 mm across. 
MATERIAL: Albany, Western Australia (CY-2018, 2048, 2057, 2083); Lingao, 
Hainan, China (CY-1037, 1038). 
 
3.3.1.8 Scleroderma polyrhizum (J.F. Gmel.) Pers. (1801), Figure 3.8. 
BASIDIOMA:  globose  to  obpyriform,  35-70  mm  across;  base  sessile  with Chapter 3 
Murdoch University 2006  - 72 - 
rhizoid mass. PERIDIUM: coffee colour, smooth to scaly, thick, 3-4 mm, 1-2 mm 
when  dry,  with  scanty  thick  wall  hyphae;  dehiscing  stellately,  lobes  recurved. 
GLEBA: surrounded by a thin and delicate layer after the dehiscence, dark brown, 
clamp  connections  present.  BASIDIOSPORES:  globose,  Q=8±2.2  µm  diam., 
echinulate, subreticulate. 
 
 
 
Figure  3.8.    Scleroderma  polyrhizum  (CY-1049).  a.  Mature  sporocarps  showing  stelliform 
dehiscence;  b.  Longitudinal  section  of  a  sporocarp;  c.  Scanning  electron  microscopy  view  of  a 
basidiospore; d. Light microscopy view of spiny basidiospores. 
 
REMARKS: Mature basidioma of S. polyrhizum dehisces as stelliform and lobes 
recurved backwards, which differs to S. cepa (irregularly dehiscing). Although S. 
citrinum also has the similar feature of dehiscence, the peridium is often profusely 
scaly (scales arranged in rosette).   
MATERIAL: Chengmai, Hannan, China (CY-1039); Chuxiong, Yunnan, China 
(CY-1047);  Dongmen,  Guangxi,  China  (CY-1049);  Gaoyao,  Guangdong,  China Chapter 3 
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(CY-1041); Guangzhou, China (CY-1035); Leizhou, Guangdong, China (CY-1048); 
Spencer Plantation, Albany, Western Australia (CY-2039). Specimens collected from 
under coniferous forests: Longchuan, Yunnan, China (CY-1011); Tengchong, Yunnan, 
China (CY-1017). 
 
3.3.1.9 Scleroderma septentrionale Mont. (1840), Figure 3.9. 
BASIDIOMA: grayish yellow, 15-35 mm wide, 20-40 mm long, the base up to 
60  mm  long  and  25  mm  wide.  PERIDIUM:  soft  and  smooth  to  cracked  above; 
dehiscence by an apical pore. BASIDIOSPORES: globose, 11±2.5 µm, spiny and 
reticulate, spines 1.5-2.5 µm long µm long. 
REMARKS:  Morphological  characters  of  Basidiomes  are  similar  to  S. 
meridionale(see Section 3.3.1.6). 
MATERIAL: Albany, Western Australia (CY-2021, 2023, 2049). 
 
 
 
Figure  3.9.    Scleroderma  septentrionale  (CY-2021).  a.  Longitudinal  section  of  a  sporocarp;  b. 
Scanning electron microscopy view of a basidiospore. 
 
3.3.1.10 Scleroderma verrucosum (Bull.) Pers. (1801), Figure 3.10. 
BASIDIOMA:  10-45  mm  across,  fragile  when  dry,  lax,  covered  with  small, Chapter 3 
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deciduous, raised warts, more numerous and larger apically, absent near the base. 
PERIDIUM: thin, 0.5-1 mm thick, smooth; covered with fine scales; dehiscence by a 
small  torn  mouth  which  later  becomes  torn  and  distorted;  stalkless  but  with  a 
constricted  base  –  whitish  mycelial  strands.  Clamp  connections  present. 
BASIDIOSPORES: small, Q=7.5±1.8 µm diam., echinulate, spine short (0.5±0.2), 
never reticulate. 
REMARKS:  S.  verrucosum  has  a  thin  peridium  and  is  fragile  when  dry. 
Peridium of S. areolatum is also thin, but the basidiospores are larger.   
MATERIAL:  Kerruish  Plantation,  Albany,  Western  Australia  (CY-2029); 
Ludlow  National  Park,  Bunbury,  Western  Australia  (CY-2072).  Coniferous 
specimens: Simao, Yunnan, China (CY-1015), Kunming, Yunnan, China (CY-1016). 
 
 
 
Figure 3.10.    Scleroderma verrucosum (CY-2072). a. A sporocarp with a constricted mycelial base; 
b. Longitudinal sections of a sporocarp, note the thin peridium (CY-1015); c. Light microscopy view 
of spiny basidiospores; d. Scanning electron microscopy view of a basidiospore showing dense spines. 
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3.3.1.11 Scleroderma sp.1 (hypogeous), Figure 3.11. 
BASIDIOMA:  hypogeal,  tuberous  or  subglobose,  10-22  mm  across, 
concolourous  rhizomorphs  appressed  over  the  surface  and  often  forming  a  basal 
cluster; white in young, and at full maturity olive to dull brown. PERIDIUM: 0.5-1.2 
mm  thick,  concolourous  with  surface.  GLEBA:  with  distinct,  white,  rounded 
peridioles in youth, becoming purple with narrow, white tramal veins and at maturity 
disrupted, the gleba then blackish brown with dry and ultimately powdery spores.   
BASIDIOSPORES: globose,  grayish brown, Q=13±1.7 µm diam., discrete spines 
and cones 1.5-1.8 µm, but reticulate. 
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Figure 3.11.    Scleroderma sp.1 (hypogeous, CY-2071). a. Basidiomes 20-100 mm deep in the soil, 
note  the  white  hyphae;  b.  Freshly  collected  sporocarps;  c.  Longitudinal  section  of  a  sporocarp 
showing a medium thick peridium and brown spore mass; d. Light microscopy view of a basidiospore.   
 
REMARKS: Specimens were similar to the newly described S. malajczukii nom. 
ined. (James Trappe, pers. comm.). It is common in sandy soil in tuart forest (E. Chapter 3 
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gomphocephala), Ludlow National Park, Western Australia. LSU rDNA gene was 
sequenced (Section 3.3.2). 
MATERIAL: Ludlow National Park, Western Australia (CY-2067, CY-2071).   
 
3.3.1.12 Scleroderma sp.2 (hypogeous), Figure 3.12. 
BASIDIOMA: hypogeous, subglobose to kidney-like, 4-7 ×5-12 mm, grey to 
pale yellow, no base. PERIDIUM: 0.5-1 mm thick, concolorous with surface, with 
fine cracks at maturity. BASIDIOSPORES: globose to subglobose, Q=10±1.2 µm 
diam., in KOH dark brown, with broad spines, not reticulate. 
 
 
 
Figure 3.12.    Scleroderma sp.2 (hypogeous, CY-2045). a. Air-dried basidiomes; b. Scanning electron 
microscopy view of a basidiospore. c. Light microscopy view of basidiospores.   
 
REMARKS: Basidiomes of this hypogeous species are usually elongated. Spores 
are spiny with broader near the base and not reticulate. 
MATERIAL: Manjimup, Western Australia (CY-2045, CY-2046). 
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3.3.1.13 Scleroderma sp.3, Figure 3.13. 
BASIDIOMA:  small  to  medium  size,  subglobose  (10-45  mm  across),  or 
contracted  in  the  central  part  from  top  to  the  base,  occasionally  combined  two 
basidiomes on the same base (20-35 mm wide, 10-20 mm high). PERIDIUM: 1 mm 
thick, fragile when dry, yellow to golden yellow, surface fully covered with pressed 
brownish ocher warts and scales when young, cracked unevenly from top at maturity, 
dehiscence  unknown,  stemless  but  often  with  yellow  mycelial  filaments  at  base. 
BASIDIOSPORES:  globose,  small,  Q=6.5±0.5  µm,  brown,  reticulate  with  sparse 
spines. 
REMARKS: Basidiomes of Scleroderma sp. 3 have yellow peridiums, which are 
covered by warts or pressed scales when young. This taxon is easily distinguished 
from S. flavidum since S. flavidum has a thicker peridium (up to 4 mm) and a thick 
stipe. Specimens were collected under Pinus forests in Guangzhou and have not been 
observed beneath eucalypt plantations in south China. This taxon is included in this 
study because it represents the Pinus-specific taxa in the Scleroderma  genus  and 
therefore its compatibility with eucalypts was investigated in comparison with other 
collections  from  beneath  eucalypt  plantations  (Chapter  5).  Another  collection 
(CY-1042) was also made in the same location with similar features including spore 
characters,  but  it  has  a  brightly  golden  yellow  peridium  and  has  less  scales, 
especially on the top (Figure 3.13b). This may be a new taxon (Scleroderma sp. 4), 
but further specimens are needed. 
MATERIAL: Liuxihe Forest Park, Guangzhou, China (CY-1032). 
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Figure 3.13.    Coniferous Scleroderma (S. sp.3) from south China. a, c, d: CY-1032; b. CY-1042 
(proposed  S.  sp.  4);  a,  b:  Sporocarps  showing  morphological  differences  in  colour  and  shape;  c. 
Scanning electron  microscopy  view of basidiospores; d:  Light  microscopy  view of basidiospores. 
Basidiospores of both collections are reticulate. 
 
3.3.2 Phylogenetic analyses of rDNA sequences 
 
3.3.2.1 LSU region 
PCR  products  of  the  LSU  rDNA  region  (approximately  900  bp)  of  14 
collections of Scleroderma were able to be amplified. Ambiguous sequence data at 
the 5’ and 3’ ends were deleted in the aligned data set (Appendix VII). All positions 
were  unambiguously  alignable  among  the  LSU  (25S  and  28S)  sequences  of 
Scleroderma species. The aligned data set consisted of 917 characters of which 76 
were parsimony informative and were included in the analysis. The data contained 
significant phylogenetic signal compared to 1000 random trees (gl = -0.39, P<0.01). 
Heuristic  searches  of  unweighted  characters  in  PAUP  resulted  in  2  most 
parsimonious trees of 181 steps (CI = 0.57, RI = 0.75). Chapter 3 
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Trees  produced  using  the  complete  data  set  provided  information  about 
relationships among groups of taxa and species of the fungi that were amplified. The 
relative genetic distance is shown in Figure 3.14. The resultant tree consisted of two 
distinct  clades  with  99%  bootstrap  support  separation.  Except  for  a  hypogeous 
collection  (CY-2071),  collections  of  Scleroderma  from  south  China  and  Western 
Australia in this study were clustered into Clade I, which contained two subgroups 
with  a  bootstrap  value  90%.  The  first  subgroup  consisted  of  Chinese  collections 
(coloured coded blue) and 2 Australian collections (coloured coded red). The two 
coniferous taxa (S. sp3 and S. sp.4) were grouped together with only 15% bootstrap 
support  suggesting  they  were  a  species  complex  as  proposed  by  morphological 
identification  in  Section  3.3.1.13.  Subgroup  two  included  7  taxa,  which  were  all 
collected  from  beneath  Eucalyptus  globulus  in  Western  Australia.  Within  this 
subgroup, there was 92% bootstrap support for the separation of S. septentrionale 
(CY-2021) and S. cepa (CY-2041) from others. The two Australian collections of S. 
cepa, CY-2013 (thin peridium) and CY-2041 (thick peridium), were clustered into the 
same  subgroup  in  Clade  I  with  only  one  step  difference.  The  two S.  polyrhizum 
collections from China and Australia origins were separated into two subgroups with 
two-step differences, although they were clustered into the same Clade. Taxa of all 
GenBank assessions were grouped into Clade II, which also contained the hypogeous 
species  from  Australia  (CY-2071)  and  S.  flavidium  from  Thailand  (CY-3002, 
coloured  coded  green).  The  Thai  Scleroderma  was  separated  from  Chinese  and 
Australian taxa with a bootstrap value of 66%. The Australian hypogeous species 
was clustered with S. bovista and S. dictyospora, but there was only week support 
(41%). 
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Figure 3.14.    Phylogenetic relationships in Scleroderma generated by equally weighted of the most 
parsimonious tree of 181 steps based on LSU rDNA sequence analysis. Branch supports are indicated 
by bootstrap values (100 replicates) above or below the line of appropriate internodes. The tree was 
rooted to the outgroup Pisolithus arhizus (synonym of P. tinctorius) (AF336262). The unrooted tree 
was built with the Neighbor-Joining algorithm. The scale corresponds to the relative genetic distance. 
Fungal collections from south-western Australia are colour coded red; collections from south China 
are colour coded blue; and the collection from Thailand is colour coded green.   
 
3.3.2.2 ITS region 
The ITS region of 15 collections were amplified with approximately 600 bp. Chapter 3 
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Ambiguous sequence data at the 5’ and 3’ ends were deleted in the aligned data set   
(Appendix VII). The aligned data set consisted of 701 characters and 266 parsimony 
informative  characters  were  included  in  the  analysis.  The  data  set  contained 
significant phylogenetic signal compared to 1000 random trees (gl=-0.78, P<0.01). 
Initial  heuristic  searches  of  unweighted  characters  in  PAUP  resulted  in  6  most 
parsimonious trees of 673 steps (CI = 0.69, RI = 0.77). 
Two  Clades  were  generated  with  99%  bootstrap  support  based  on  the  ITS 
sequences.  Two  subgroups  fell  out  in  Clade  I:  the  first  containing  8  Australian 
collections  (coloured  coded  red)  (100%  support)  and  the  second  containing  4 
Chinese collections (coloured coded blue) and one Japanese collection (AB099900) 
(89% support). The first subgroup was further separated into two parts with 96% 
support  for  S.  cepa  and  S.  septentrionale,  and  94%  support  for  the  others  6 
collections. The Japanese unnamed species and 3 Chinese collections were clustered 
together with 100% bootstrap support indicating their close relationship. Maximum 
parsimony  on  the  dataset  of  the  ITS  sequences  placed  the  coniferous  specific 
Scleroderma (S. sp.3) into separate branches (Clade II, Figure 3.15) supporting its 
differential morphological characteristics to other known species in China, Australia 
and Japan (GenBank Assessions). An Australian hypogeous Scleroderma (S. sp.2) 
was separated from S. bovista and S. areolatum in Clade II (80% support), while 
there was 100% support for the separation of the Australia S. areolatum (CY-2063) 
from Japanese collections of S. bovista. 
 
3.4 Discussion 
 
Based  on  the  morphological  descriptions,  12  taxa  of  Scleroderma  have  been Chapter 3 
Murdoch University 2006  - 82 - 
recognized  from  collections  made  from  beneath  blue  gum  (Eucalyptus  globulus) 
plantations in south-western Australia, and there are 6 taxa recorded for eucalypt 
plantations in south China. Although the latter taxa are in common for both regions, 
only a few species are relatively abundant under eucalypt plantations in both regions 
(Chapter 2). However, S. albidum, S. meridionale, S. septentrionale, S. verrucosum 
and two unnamed hypogeous species were not recorded for China in this study. Low 
 
0.02
S. cepa (CY-2056)
S. paradoxum (CY-2048)
S. paradoxum (CY-2057)
S. meridionale (CY-2047)
S. citrinum (CY-2058)
S. citrinum (CY-2060)
S. septentrionale (CY-2049)
S. cepa (CY-2054)
S. citrinum (CY-1045)
S. polyrhizum (CY-1047)
S. cepa (CY-1043)
S. sp. CM1 (AB099900)
S. cepa (CY-1046)
S. sp.2 (CY-2045)
S. areolatum (CY-2063)
S. bovista (AB099901)
S. bovista (AB211267)
S. sp.3 (CY-1042)
Pisolithus (AF374719)
80
42
52
100
91
100
96
45
89
52
94
100
99
89
Clade I
Clade II
0.02 0.02
S. cepa (CY-2056)
S. paradoxum (CY-2048)
S. paradoxum (CY-2057)
S. meridionale (CY-2047)
S. citrinum (CY-2058)
S. citrinum (CY-2060)
S. septentrionale (CY-2049)
S. cepa (CY-2054)
S. citrinum (CY-1045)
S. polyrhizum (CY-1047)
S. cepa (CY-1043)
S. sp. CM1 (AB099900)
S. cepa (CY-1046)
S. sp.2 (CY-2045)
S. areolatum (CY-2063)
S. bovista (AB099901)
S. bovista (AB211267)
S. sp.3 (CY-1042)
Pisolithus (AF374719)
S. cepa (CY-2056)
S. paradoxum (CY-2048)
S. paradoxum (CY-2057)
S. meridionale (CY-2047)
S. citrinum (CY-2058)
S. citrinum (CY-2060)
S. septentrionale (CY-2049)
S. cepa (CY-2054)
S. citrinum (CY-1045)
S. polyrhizum (CY-1047)
S. cepa (CY-1043)
S. sp. CM1 (AB099900)
S. cepa (CY-1046)
S. sp.2 (CY-2045)
S. areolatum (CY-2063)
S. bovista (AB099901)
S. bovista (AB211267)
S. sp.3 (CY-1042)
Pisolithus (AF374719)
80
42
52
100
91
100
96
45
89
52
94
100
99
89
42
52
100
91
100
96
45
89
42
52
100
91
100
96
45
89
52
94
100
99
89
52
94
100
99
89
Clade I
Clade II
 
 
Figure 3.15.    Phylogenetic relationships in Scleroderma generated by equally weighted of the most 
parsimonious tree of 673 steps based on ITS rDNA sequence analysis. Branch supports are indicated 
by bootstrap values (100 replicates) above the line of appropriate internodes. The tree was rooted to 
the outgroup Pisolithus tinctorius (AF374719). The unrooted tree was built with the Neighbor-Joining 
algorithm.  The  scale  corresponds  to  the  relative  genetic  distance.  Fungal  collections  from 
south-western Australia are colour coded red; collections from south China are colour coded blue. 
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diversity of Scleroderma fungi in exotic plantations supports the findings obtained 
from  field  observations  (Chapter  2).  The  presence  of  Scleroderma  under  exotic 
eucalypts  may  have  occurred  by  invasion  from  indigenous  forests  since  exotic 
eucalypts are usually planted on the pre-cleared coniferous plantations and are often 
surrounded by native forests. Sporocarps of S. flavidum, S. verrucosum and S. sp.3 
have been collected from coniferous forests in south China, but so far have not been 
reported for eucalypt plantations in the region. Alternatively, some of the fungi could 
have been introduced with plant material into the region. A simple key for Chinese 
eucalypt-Scleroderma collected in this study is given in Table 3.4. 
 
Table 3.4.    Field key to Scleroderma under eucalypt plantations in south China. 
 
1a  Spores spiny, never reticulate  …………….…………………………………………………… 2 
1b  Spore reticulate or subreticulate  …...…………………………………………………………… 3 
 
  2a  Peridium thin (<2 mm); surface covered with small coffee-coloured scales on yellowish 
    background  …………………………………………….………….……....…… S. areolatum 
  2b  Peridium thick (>2 mm, up to 5 mm); surface of peridium smooth  …..…..………… S. cepa 
 
3a  Dehiscing stellately with recurved lobes  ………..………….……..……….…… S. polyrhizum 
3b  Dehiscing irregularly or indehiscing  ………..……………………...………....……………… 4 
 
  4a  Peridium thin (<1 mm); smooth to finely appressed-squamose  …..……..……… S. bovista 
  4b  Peridium thick (2-5 mm)  …………………………………………………………………... 5 
 
5a  Peridium surface covered in regular scales, arranged as rosette near the top; epigeous or partly 
  buried in soil  ……………………………….………………….……….……….…… S. citrinum 
5b  Peridium smooth or covered with rounded warts; hypogeous  …………..…...…… S. paradoxum 
 
Selected collections of 14 taxa, including 3 of non-eucalypt hosts, were included 
in the phylogenetic study. Unfortunately, it was not possible to amplify DNA for all 
specimens hence the LSU and ITS data could not be matched. Phylogenetic analysis Chapter 3 
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of  LSU  and  ITS  rDNA  sequences  supported  classical  delineation  of  some 
Scleroderma  species  but  not  all.  Although  a  limited  number  of  collections  were 
amplified,  phylogenetic  results  showed  that  most  collections  in  this  study  were 
distinct  from  the  European  and  Malaysian  taxa  extracted  from  GenBank  (89% 
bootstrap support for both LSU and ITS regions). Further, genetic relations between 
collections  within  the  same  geographic  region  were  often  clustered  together.  For 
example, within the same clade, Australian collections were separated from those 
gathered from south China with 99% bootstrap support for either LSU or the ITS.   
Based on LSU sequences, the Australian hypogeous species (S. sp.1) was well 
separated  from  other  taxa  collected  from  either  Australia  or  China  (e.g.  4  steps 
differences, Figure 3.14). By contrast, S. albidum, S. polyrhizum and S. meridionale 
were poorly separated. This may indicate that there is low variation within amplified 
genes  or  that  the  taxa  need  further  investigation  to  define  species  boundaries. 
Sequences of the LSU gene has been used in molecular systematic studies on fungi, 
but the first 600-900 bases are most often used (Grubisha et al., 2001; Vilgalys Lab, 
2006).  However,  studies  suggest  that  much  of  the  LSU  is  invariant  even  across 
widely divergent taxa (Vilgalys and Hester, 1990; Drehmel et al., 1999; Monvalvo et 
al., 2000; Binder and Bresinsky, 2002; Vilgalys Lab, 2006).   
The parsimonious tree (Figure 3.15), based on analysis of ITS sequences in this 
study, displayed a separation of S. cepa collections. It appears to be a collection of 
different species. This result suggests taxonomic revision is required. ITS analysis 
supports the description of another hypogenous collection (CY-2045). The coniferous 
collection  from  south  China,  which  has  a  yellow  to  golden  yellow  peridium 
(CY-1042), was distinctly  different from other known species by  analysis of  ITS 
sequences. Further phylogenetic study of Scleroderma should be extended to other Chapter 3 
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parts of Australia and SE Asia. The ITS region has typically been most useful for 
molecular analysis at the species level, and even within species (White et al., 1990; 
Gardes and Bruns, 1993; Zhou, 2001). For example, Ferdman et al. (2005) studied 
the phylogenetic relationship between Terfezia pfeilii and Choiromyces echinulatus 
(Pezizales) supporting morphological observations of two new genera for southern 
African  truffles.  Pisolithus  indicus,  a  new  species  from  India,  was  inferred  by 
phylogenetic  analysis  of  ITS  sequences  (Reddy  et  al.,  2005).  Douhan  and  Rizzo 
(2005) investigate the population structure of Cenococcum geophilum in a California 
oak woodland by means of phylogenetic studies of ITS sequences.   
In the remainder of this thesis, the morphological taxa defined in the first part of 
this chapter will be used as the molecular analysis was incomplete. Future studies, 
however,  will  enable  names  to  be  changed  if  required  following  more  detailed 
studies of Scleroderma populations in the region, as most collections have herbarium 
specimens. 
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CHAPTER 4 
 
EFFECT OF SCLERODERMA SPORE DENSITY AND AGE 
ON MYCORRHIZAL FORMATION AND GROWTH OF 
CONTAINERIZED EUCALYPTUS GLOBULUS   
AND E. UROPHYLLA SEEDLINGS 
 
 
 
Light microscopy view of Scleroderma citrinum basidiospores 
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CHAPTER 4 
 
Effect of Scleroderma spore density and age on   
mycorrhizal formation and growth of containerized   
Eucalyptus globulus and E. urophylla seedlings 
 
 
4.1 Introduction 
 
Eucalypt nurseries in China prefer to handle spore inoculum due to the ease of 
inoculum production and delivery (Chapter 1). The use of Scleroderma spores in 
eucalypt  nurseries  is  not  widely  practiced  however  because  of  variation  in  their 
effectiveness in forming mycorrhizas under variable nursery conditions and the long 
time required for spores to germinate in some species (Appendix VIII). There is a 
lack of knowledge as to spore storage conditions and inoculum dosage rates to use in 
containerized nurseries  producing eucalypts in  China (Chapter 1). Therefore, two 
experiments were undertaken to investigate the effects of spore density and storage 
on mycorrhization and the growth of eucalypt seedlings. Seedlings of a temperate (E. 
globulus Labill.) and a tropical (E. urophylla S.T. Blake) eucalypt were inoculated in 
each  experiment.  The  first  experiment  on  spore  dosage  compared  Scleroderma 
citrinum  from  China  with  S.  cepa  from  Australia.  Three  Scleroderma  species 
collected under blue gum plantations (E. globulus) in Western Australia were used to 
examine  the  effect  of  spore  storage  in  a  second  trial.  These  fungi  were  chosen Chapter 4 
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because they had been shown in previous trials to be compatible with eucalypts (Lu 
et al., 1998; Chen et al., 2000c). 
 
4.2 Materials and methods 
 
4.2.1 Design of inoculation trials 
Two trials were made. The first investigated spore density effects of Scleroderma 
on  colonization  and  growth  of  eucalypt  seedlings.  A  complete  randomized  block 
design  was  used  consisting  of  two  tree  species  (Eucalyptus  globulus  and  E. 
urophylla),  three  fungal  treatments  (Scleroderma  cepa,  S.  citrinum  and  an 
uninoculated  control)  and  six  spore  treatments  (0,  10
2,  10
4,  10
6  and  10
8 
spores/seedling;  0  spore  +  mycelium).  There  were  16  replicate  plants  in  each 
treatment. Trial 2 examined the effects of spore storage on root colonization and 
growth of eucalypt seedlings. The experimental design was a complete randomized 
block  design  with  two  tree  species  (E.  globulus  and  E.  urophylla),  four  fungal 
treatments  (S.  albidum,  S.  areolatum,  S.  cepa  and  an  uninoculated  control),  four 
spore  storage  treatments  (fresh  spores,  spores  stored  either  at  room  or  low 
temperature  i.e.  4 
0C,  and  nil  spores).  No  spores  were  available  for  the  low 
temperature S. areolatum treatment. There were four replicate plants per treatment. 
 
4.2.2 Fungal inoculum 
Details  of  the  fungi  used  in  the  two  trials  are  given  in  Table  4.1.  Fresh 
sporocarps, collected in Eucalyptus plantations in Western Australia or south China, 
were dried at 30 
0C for 48 hours. Sporocarps were then crushed by hand and sieved 
(400 µm) to produce spore powders. Spore masses of S. albidum, S. areolatum and S. Chapter 4 
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cepa, pre-stored in sealed containers at either room or 4 
0C for 5 years, were used in 
trial 2 to examine the effects of storage on inoculum potential. Fresh sporocarps used 
in trial 2 were collected as close as possible to the site of the original collections, 
except  for  S.  cepa  where  the  same  morphotype  was  taken  near  Perth,  Western 
Australia. The fungal spore mass was blended in DI water (1:10, vol.) for 5 seconds 
on low speed. A drop of Tween 80 was added to assist suspension. The initial spore 
concentration was measured with a hematocytometer and the bulk spore suspension 
was  serially  diluted  to  obtain  spore  concentrations  of  10
8-10
1  spores/ml. 
One-cm-diameter plugs of mycelium, taken from three-week-old cultures grown on 
potato dextrose agar, were used to inoculate seedlings (three plugs seedling
-1) for 
comparison with spores in the spore density trial. 
 
Table 4.1.    Details of the Scleroderma fungi used for spore inoculation. 
 
Fungal species  Origin
 1  Host Eucalyptus  Inoculum type 
2 
Trial 1- spore density 
Scleroderma cepa  Australia (P)  E. globulus  spores; mycelium (CY-2013) 
Scleroderma citrinum  China (G)  E. urophylla  spores; mycelium (CY-1036) 
Trial 2- spore storage 
Scleroderma albidum  Australia (A)  E. globulus  spores (FS) (CY-2019) 
  Australia (A)  E. globulus  spores (RT, LT) (CY-2022) 
Scleroderma areolatum  Australia (A)  E. globulus  spores (FS) (CY-2014) 
  Australia (A)  E. globulus  spores (RT) (CY-2087) 
Scleroderma cepa  Australia (P)  E. globulus  spores (FS) (CY-2013) 
  Australia (A)  E. globulus  spores (RT, LT) (CY-2023) 
 
1  Place  of  origin:  Albany,  Western  Australia  (A);  Guangzhou,  Guangdong  Province  (G);  Perth, 
Western Australia (P). 
2 Both spore inoculum and vegetative mycelium inoculum were used in Trial 1; Three spore treatments 
were used in Trial 2: fresh (FS), stored at room (RT) or low temperature (4 
0C) (LT) for 5 years. 
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4.2.3 Plant material and seed germination 
Two eucalypt species, Eucalyptus globulus (seedlot no. 18398, from Tasmania, 
Australia) and E. urophylla (seedlot no.19393, from Pantar Island, Indonesia) were 
used in both trials. Seeds were surface sterilized by shaking in a 1.2% solution of 
NaOCl for 5 min (E. urophylla) or 10 min (E. globulus). After four rinses in sterile 
water, 20 seeds were transferred to each 90-mm Petri dish with 20 ml of germination 
medium (0.7% water agar amended with 500 µm CaSO4 and 3 µm H3BO3). Plates 
were incubated in darkness at 25 
0C for 8 days and in the light for 2 days before 
planting (Chen et al., 2000a).   
 
2.2.4 Seedling growing medium 
Trial 1: a nursery potting mix containing peat and perlite (2:1 v/v), autoclaved 
(121 
0C, 20 min, twice), was used to fill 48-well nursery trays (volume 64 cm
3). Trial 
2 used a mixture of yellow and river sands (4:1 v/v). The latter mix was chosen to 
facilitate removal of fine roots at harvest. The yellow sand, called Karrakatta Yellow 
Sand (Bettenay et al., 1960), was from the Spearwood Dune System north of Perth, 
Western Australia (soil/water 2:1 slurry - pH 5.4; Bray extractable P less than 2 mg P 
kg
-1 soil). The yellow sand has been used previously for eucalypt mycorrhizal studies 
(Brundrett et al., 1996; Chen et al., 2000a). The sand was sieved through a 2.0 mm 
mesh, moistened and steam pasteurized twice at 60 
0C for 2 hours (final pH-H2O 4.5). 
Plastic pots (175 mm top diameter, 200 mm height) lined inside with plastic bags 
were surface sterilized with NaClO3 (2-5%) and 3 kg of air-dried, mixed sand was 
added to each pot.   
 
4.2.5 Planting, inoculation and maintenance Chapter 4 
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Two uniform healthy seedlings  growing in  water agar were transplanted into 
each tray cell or pot, and were thinned to one per cell or pot after 2 weeks. Trial 1: 
spore slurries or mycelial mass were placed in holes near the roots 1 week after 
transplanting. Seedlings in each treatment were given either 10 ml spore suspension 
or 1g mycelial mass of the same fungus. Trial 2: spore suspensions were applied for 
each treatment at a rate 10
6 spores seedling
-1 when transplanting. Pots and trays were 
randomly  placed  on  benches  in  a  quarantine  glasshouse  in  summer  and  their 
positions  were  randomly  changed  biweekly.  The  glasshouse  was  evaporatively 
cooled  and  the  maximum  temperature  ranged  from  33-40 
0C  and  minimum 
temperature ranged from 12-15 
0C during the period of the experiments (November 
2002 to March 2003). They were overhead watered twice daily. A complete liquid 
fertilizer  was  applied  biweekly  for  both  trials  based  on  previous  experiments  for 
eucalypt mycorrhization (Dell and Malajczuk, 1995). The following were supplied at 
each application: macronutrient (mg plant
-1): N 1.5, P 0.7, K 0.9, Ca 0.5, S 0.5, Mg 
0.2; micronutrient (µg plant
-1): B 1.5, Cu 1.2, Fe 2.9, Mn 2.4 and Zn 0.9. 
 
4.2.6 Data collection 
Heights were measured every two weeks starting in week three. Seedlings in all 
treatments  were  harvested  at  12  weeks  after  planting  based  on  an  initial  visual 
assessment of the growth trend and mycorrhizal formation. The shoots were removed 
at the soil line and the roots were washed free of potting mix. Root and shoot fresh 
and dry weights (dried in an oven at 60 
0C for 48 h) were determined. An estimate of 
root length was obtained using calculations of specific root length (cm root g
-1 root 
fresh weight) (Trial 1). Mycorrhizal morphological characters were visually assessed. 
A  randomly  selected  2  g  subsample  of  roots  was  preserved  in  50%  ethanol  for Chapter 4 
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mycorrhizal assessment. For each fungal treatment, individual root tips were selected 
to make fresh microscopic preparations. The 2 g root samples were cleared with 10% 
KOH  and  stained  with  0.05%  Trypan  Blue  to  quantify  mycorrhizal  tips  and 
mycorrhizal root length under a dissecting microscope using the gridline intersect 
method (Appendix III; Brundrett et al., 1996).   
 
4.2.7 Statistical treatment of the data 
Two separate analyses were performed. Initially, one-way ANOVA was used to 
test for possible differences in mean mycorrhizal infection, shoot height, root dry 
weight  and  shoot  dry  weight  for  each  fungus.  Each  tree  species  was  analyzed 
separately. These variables measured on each seedling were dependent, so the initial 
significance test used the multivariate Wilk’s Lamba statistic, followed by univariate 
F test where the initial multivariate analysis was significant. For the second analysis, 
two-way ANOVA was used to test the influence of both fungus and treatment on the 
above  variables  for  each  tree  species  separately.  Initial  significance  testing  used 
Wilk’s Lamba, followed by univariate F test where the initial multivariate analysis 
was significant. This allowed for dependence in the data (all four dependent variable 
were  measured  on  each  seedling).  The  significance  of  mean  differences  was 
determined  using  Duncan’s  Multiple  Range  Test  (P≤0.05)  (Gomez  and  Gomez, 
1984). Data of shoot height growth measured at weeks 4, 6, 8 and 10 were also 
analyzed (Appendix IX). 
 
4.3 Results 
 
4.3.1 Trial 1 – mycorrhizal colonization Chapter 4 
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Eucalyptus seedlings inoculated with either spores or mycelium of Scleroderma 
cepa  or  S.  citrinum  had  well-formed  mycorrhizas  at  12  weeks  after  inoculation 
characterised  by  shiny,  white  extramatrical  mycelia  and  distinctive  white 
rhizomorphs  radiating  through  the  potting  mix.  However,  the  abundance  of 
mycorrhizal root tips differed with spore rate and inoculum type (Tables 4.2 & 4.3). 
Plants inoculated with 10
2 spores seedling
-1 produced less mycorrhizal seedlings and 
mycorrhiza colonization was extremely low. There was generally a threefold increase 
 
Table  4.2.    Mycorrhizal  colonization  and  growth  response  of  12-week  old  Eucalyptus  globulus 
seedlings inoculated with spore slurries at four spore densities or mycelium of Scleroderma. 
 
Fungus / inoculum 
Mycorrhizal 
seedlings (%) 
Shoot height
 1  Total dry 
weight 
1 
Specific root 
length 
1, 2 
RDW/SDW 
1, 3 
Control  0  0 a 
4  0 a  0 a  0 a 
Scleroderma cepa 
spore (10
2)  75  3.2 a  9.9 b  318.8 c  23.1 b 
spore (10
4)  90  11.2 ab  31.2 d  65.6 ab  32.7 b 
spore (10
6)  100  9.3 ab  21.2 c  115.6 b  67.3 c 
spore (10
8)  100  24.6 c  36.1 e  321.9 c  63.5 c 
mycelium  80  24.6 c  31.2 d  390.6 d  40.4 b 
Scleroderma citrinum 
spore (10
2)  85  1.1 a  -1.2 a  290.6 c  28.8 b 
spore (10
4)  100  6.1 ab  19.4 c  106.3 b  36.5 b 
spore (10
6)  95  2.7 a  12.4 b  81.3 ab  61.5 c 
spore (10
8)  100  20.2 c  23.2 c  293.8 c  69.2 c 
mycelium  75  40.1 c  32.1 d  378.1 d  57.7 c 
 
1 Increment over the uninoculated controls with the same parameter. Means of controls: 11.37 cm 
(shoot height), 295.2 mg seedling
-1 (total dry weight), 3.2 cm g
-1 root (specific root length), and 0.52 
(RDW/SDW). 
2 The ratio of root length : root dry weight (cm g
-1 root). 
3 Ratio of root dry weight : shoot dry weight. 
4  For  each  parameter,  increment  data  with  the  same  letters  in  each  column  are  not  significantly 
different at P≤0.05. Chapter 4 
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in mycorrhizal root length between 10
2 and 10
4 spore rates (Figure 4.1). Higher spore 
densities did not increase mycorrhizal root length or the increases were mostly small. 
S. citrinum produced more mycorrhizal roots on E. globulus than E. urophylla, while 
S. cepa colonised fewer roots on E. globulus than E. urophylla. Mycorrhizal root 
lengths  were  greater  in  plants  inoculated  with  high  spore  densities  than  plants 
inoculated with 10
2 spores seedling
-1. For each fungus-host combination, there was 
no difference in mycorrhizal root length between plants inoculated with 10
6 or 10
8 
spores  seedling
-1  and  the  mycelium  treatment.  There  was  a  significant,  positive 
correlation between mycorrhizal root length (MRL) and spore density (SD) (R
2 =0.76; 
P≤0.05) (Figure 4.2a). 
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Figure 4.1.    Mycorrhizal colonization of Eucalyptus globulus and E. urophylla seedlings inoculated 
with Scleorderma cepa and S. citrinum. For each fungus, four spore densities or mycelium were given. 
Values  are  means  with  SE  bars.  Data  in  each  tree-fungus  treatment  with  the  same  letter  are  not 
significantly different (P≤0.05). Chapter 4 
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4.3.2 Trial 1 – plant growth 
There  were  significant  differences  in  shoot  growth  between  spore  density 
treatments (fungi combined) in E. globulus (F=3.118, P=0.014) and E. urophylla 
(F=6.629,  P≤0.001)  by  two-way  ANOVA.  There  was  no  significant  interaction 
between  fungus  and  spore  density  treatment  for  either  host.  Compared  to  the 
uninoculated controls, inoculated seedlings were larger with increments in height, 
total dry weight and ratio of root dry weight / shoot dry weight by up to 24, 36 and 
69% for E. globulus (Table 4.2), and 46, 42 and 126% for E. urophylla, respectively 
(Table 4.3). There were positive correlations between shoot growth (height increase 
% over control) at 12 weeks and spore density (R
2=0.55; P≤0.05) (Figure 4.2b), and 
between mycorrhizal root length (R
2=0.44; P≤0.05) (Figure 4.3). 
 
Table  4.3.    Mycorrhizal  colonization  and  growth  response  of  12-week  old  Eucalyptus  urophylla 
seedlings inoculated with spores at four spore densities or mycelium of Scleroderma. 
 
Fungus and inoculum 
Mycorrhizal 
seedlings (%) 
Shoot height
 1  Total dry 
weight 
1 
Specific root 
length 
1 
RDW/SDW 
1 
Control  0  0 a  0 a  0 a  0 a 
Scleroderma cepa 
spore (10
2)  70  12.6 ab  13.5 b  104.3 b  42.1 b 
spore (10
4)  100  15.1 ab  27.7 d  56.5 ab  89.5 c 
spore (10
6)  95  34.3 c  37.9 f  356.5 d  100.0 c 
spore (10
8)  100  31.5 c  32.7 e  439.1 de  121.1 d 
mycelium  65  5.0 a  15.9 c  413.0 de  92.1 c 
Scleroderma citrinum 
spore (10
2)  75  1.3 a  -0.5 a  130.4 bc  63.2 bc 
spore (10
4)  100  6.1 a  4.6 ab  182.6 c  97.4 c 
spore (10
6)  100  45.8 d  42.1 f  339.1 d  126.3 d 
spore (10
8)  100  19.5 b  15.9 c  539.1 e  113.2 d 
mycelium  60  5.1 a  11.3 b  530.4 e  65.8 bc 
 
1 Increments over the controls with the same parameter. Means of controls: 13.3 cm (shoot height), 
378.1 mg seedling
-1 (total dry weight), 2.3 cm g
-1 root (specific root length), 0.38 (RDW/SDW). Chapter 4 
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Figure  4.2.  Linear  regression  between  log10(spore  density)  (LnSD)  and  mycorrhizal  root  length 
(MRL) (a), or height increase percentage over the controls (H%) (b), of Eucalyptus globulus and E. 
urophylla 12 weeks after inoculation with Scleroderma spores (excluding mycelium treatment). Data 
are the means of 16 replicates (combined tree and fungus treatments). 
 
Inoculation  with  Scleroderma  mycelium  also  significantly  increased  the  dry 
weight of E. globulus seedlings by about 30%, which was similar (S. cepa) or higher 
(S. citrinum) than yields of spore-inoculated plants (Table 4.2). Mycelium was less Chapter 4 
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effective than high spore dosages in promoting growth of E. urophylla (Table 4.3). 
Inoculation with either spores or mycelium resulted in a slightly greater allocation of 
biomass to the root than in non-mycorrhizal plants.   
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Figure 4.3.    Linear regression between mycorrhiza root length (MRL) and height increase percentage 
over the controls (H%) of Eucalyptus globulus and E. urophylla 12 weeks after inoculation  with 
Scleroderma spores (excluding mycelium treatment). Data are the means of 16 replicates (combined 
tree and fungus treatments). 
 
4.3.3 Trial 2 – mycorrhizal colonization 
All  the  three  Scleroderma  species  formed  mycorrhizas  on  seedlings  of  E. 
globulus and E. urophylla by the time of harvest, 12 weeks after inoculation. There 
were  significant  differences  in  mycorrhizal  colonization  between  spore  storage 
treatments on each tree, while there were no significant differences between the two 
Scleroderma fungi (Table 4.4). Significant interactions between fungus  and spore 
storage treatment were observed on both hosts. Stored spores germinated and formed 
ECMs on both tree species. Spores kept at room temperature formed  35% fewer Chapter 4 
Murdoch University 2006  - 98 - 
mycorrhizas  than  other  treatments.  For  E.  urophylla,  fresh  spores  gave  the  same 
response as spores stored at 4 
0C whereas in E. globulus fresh spores resulted in 9% 
more ECMs than with spores stored at 4 
0C (Figure 4.4). This trial demonstrated that 
air-dried  Scleroderma  spores  can  be  stored  at  4 
0C  for  5  years  without  loss  of 
effectiveness for inoculation with eucalypts. 
 
Table 4.4.    ANOVA of data (mycorrhizal tips m
-1 root) for the spore storage trial (Trial 2). 
 
Source  SS  df  MS  F  P 
1 
Tree (T)  164.526  1  164.526  0.266
  0.609 
ns 
Fungus (F)  540.667  2  270.333  0.437
  0.649
 ns 
Spore storage (S)  27390.750  2  13695.375  22.162  0.000 *** 
T × F  5333.500  2  2666.750  4.315  0.021 * 
T × S  35.361  2  17.681  0.029
  0.972 
ns 
F × S  5844.444  3  1948.148  3.152  0.037 * 
T × F × S  3334.944  3  1111.648  1.799
  0.165 
ns 
 
1 ns, not significant (P>0.05); *-*** significantly different (*, P≤0.05; **, P≤0.01; ***P≤0.001). 
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Figure  4.4.    Mycorrhizal  colonization  on  E.  globulus  (red  bar)  and  E.  urophylla  (green  bar) 
inoculated with 3 storage treatments of Scleroderma spores. Means are of 3 replicates with SE bar of 
combined fungi data as there was no significant difference between these three fungi at P≤0.05. The 
uninoculated E. urophylla seedlings were slightly infected due to contamination. Chapter 4 
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Table 4.5.    Growth response (shoot height and dry weight) of 12-week old Eucalyptus globulus and 
E. urophylla seedlings inoculated with Scleroderma spores. 
 
  E. globulus  E. urophylla 
Fungus and 
treatment 
Shoot 
height 
1 
Root dry 
weight 
1 
Shoot dry 
weight
 1 
Shoot 
height 
1 
Root dry 
weight
 1 
Shoot dry 
weight 
1 
Control 
2  0 a 
3  0 a  0 a  0 a  0 a  0 a 
Scleroderma albidum 
FS  32.1 c  42.5 bc  19.7 ab  -3.6 a  -0.7 a  3.1 a 
RT  25.4 bc  40.5 bc  6.4 a  14.9 ab  0.5 a  20.9 b 
LT  37.0 d  21.6 b  11.4 ab  30.3 c  -2.3 a  8.1 a 
Scleroderma areolatum 
FS  17.5 b  33.5 bc  9.1 ab  7.2 a  4.0 a  4.9 a 
RT  35.9 c  50.6 c  31.8 c  19.7 b  5.1 a  10.8 ab 
Scleroderma cepa 
FS  30.8 c  2.0 a  8.8 ab  6.3 a  1.4 a  13.0 ab 
RT  22.4 bc  35.3 bc  4.0 a  9.5 a  14.6 b  17.8 b 
LT  30.9 c  17.2 b  18.5 ab  21.4 b  15.9 b  13.9 ab 
Fungus (1) 
4  P=0.022  P=0.027  P=0.011  P=0.001  P=0.027  P=0.025 
Fungus (2) 
5  P=0.991  P=0.474  P=0.334  P=0.175  P=0.434  P=0.027 
Treatment 
5  P<0.001  P<0.001  P<0.001  P<0.001  P=0.001  P<0.001 
Fungus×Treatment 
5  P=0.939  P=0.772  P=0.063  P=0.003  P=0.883  P=0.002 
 
1 Increments over the control (uninoculated treatment) with the same parameter. Means of controls on 
shoot height, root dry weight and shoot dry weight were respectively 285.8 cm, 2.63 g and 9.83 g for 
E. globulus, and 354.3 cm, 5.05 g and 12.98 g for E. urophylla. 
2 Uninoculated treatments combined for the three fungi. 
3 Increment data with the same letters in each column are not significantly different at P≤0.05. 
4 From one-way ANOVA to test the effect of fungus (including control). 
5 From two-way ANOVA to test the effect of both fungus and treatment (excluding control). 
 
4.3.4 Trial 2 – plant growth 
There were significant differences in shoot growth and dry weight of each host 
between  inoculated  and  uninoculated  plants  (Table  4.5).  Plants  inoculated  with 
Scleroderma spores were generally larger than the controls (Figure 4.5). For example, 
S. areolatum increased the root dry weight of E. globulus by 42% (Table 4.5). The Chapter 4 
Murdoch University 2006  - 100 - 
three  fungi  had  similar  effects  on  the  growth  of  both  hosts  since  no  significant 
differences  were  detected  between  fungi  by  two-way  ANOVA  (excluding  the 
uninoculated control). Effects of inoculation on height growth of both hosts became 
apparent  from  week  6  and  the  general  trend  of  increased  growth  of  inoculated 
seedlings remained till harvest (Appendix IX). 
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Figure 4.5.    Effects on shoot height growth of 12-week old E. globulus (a) and E. urophylla (b) 
inoculated  with  Scleroderm  spores  (with  SE  bar).  Spore  were  fresh  (FS),  or  stored  at  room 
temperature (RT) or low temperature (LT). 
 Chapter 4 
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There were significant effects, by two-way ANOVA, of spore storage treatment 
on height and dry weight of each host. Regarding seedling shoot growth at 12 weeks, 
seedlings inoculated with S. albidum spores stored at low temperature were the most 
effective treatment with increments of 37% (E. globulus) and 30% (E. urophylla) 
over the controls (Table 4.5).   
 
4.4 Discussion 
 
The  Scleroderma  spore  collections  were  effective  in  forming  ECMs  on 
Eucalyptus globulus and E. urophylla, when a suitable spore density was applied. 
The greatest increases in ECM formation occurred at low to medium spore densities 
and there was no inhibition of mycorrhizal development at the highest spore density 
used  (10
8  spores  seedling
-1).  By  contrast,  Marx  (1976)  inoculated  Pinus  taeda 
seedlings with Pisolithus tinctorius basidiospores and found a density of 5.5 × 10
7 
spores per 800 cm
3 soil produced significantly more ECMs than other spore densities 
test. Similarly, Torres and Honrubia (1994) observed threshold spore densities when 
inoculating Pinus halepensis seedlings with basidiospores of Pisolithus, Rhizopogon 
or Suillus, beyond which high spore densities reduced ECM formation and seedling 
growth. It is not known how many spores germinated in the glasshouse and resulted 
in  mycorrhiza  formation  with  Eucalyptus.  Generally,  it  would  be  desirable  to 
measure the percentage of spores able to germinate in inoculum being tested. Spores 
of several Scleroderma spp. were taken from sporocarps prior to spore release to test 
germination  in  vitro  on  agar  in  the  presence  of  eucalypt  roots.  Where  spores 
germinated, the viability varied from 0.1-0.8% (Appendix VIII). 
Results from the spore density trial suggest that a spore rate as low as 10
4 spores 
seedling
-1 is appropriate for the two eucalypts tested in containerized nurseries. This Chapter 4 
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recommended  spore  dosage  is  similar  to  some  previous  spore  applications  on 
compatible host-fungus partners. These include: Abies (Scleroderma) (Parladé et al., 
1997);  Afzelia  (Lactarius,  Pisolithus,  Russula,  Suillus)  (Munyanziza  and  Kuyper, 
1995);  Eucalyptus  (Cortinarius,  Hydnangium,  Laccaria,  Pisolithus,  Scleroderma) 
(Lu  et  al.,  1998;  Chen  et  al.,  2000a,  c;  Xu  et  al.,  2001),  Pinus  (Lactarius, 
Melanogaster,  Pisolithus,  Rhizopogon,  Scleroderma,  Suillus)  (Marx  et  al.,  1989; 
Parladé et al. 1996, 1997; Rincón et al., 2001; González-Ochoa et al., 2003; Ortega 
et  al.,  2004;  Duñabeitia  et  al.,  2004),  Pseudotsuga  (Melanogaster,  Rhizopogon, 
Tuber) (Castellano et al., 1985; Parladé et al., 1996, 1997) and Quercus (Pisolithus) 
(Marx et al., 1997; Parladé et al., 1997; Martin et al., 2003). Spore preparations of 
Pisolithus tinctorius are being produced for commercial use, including as pellets, 
sprays,  or  encapsulated  on  seed  (Marx  et  al.,  1989;  Martin  et  al.,  2003).  The 
recommended  doses  used  for  nursery  inoculation  are  usually  10
4-10
8  spores 
seedling
-1, although the spore densities vary in different types of inoculum products.   
Basidiocarps  of  Scleroderma  do  not  necessarily  mature  when  inoculation 
programs are required in the nursery. Therefore, it is often necessary to collect and 
store spores for a considerable time. In the second experiment, Scleroderma spores 
kept at 4 
0C for 5 years germinated and formed mycorrhizas on eucalypts. Spores 
stored at 4 
0C for 5  years were as  effective in producing mycorrhizas as freshly 
collected  spores.  However,  spores  stored  at  room  temperature  resulted  in  lower 
mycorrhizal colonization. In a previous study (Lu et al., 1998), Scleroderma spores 
stored  in  slurries  were  largely  unaffected  by  one  year  storage  at  4 
0C  whereas 
Pisolithus spores lost nearly half their inoculum efficiency in the same period. Torres 
and Honrubia (1994) examined the viability of basidiospores of 14 species in the 
genera Cortinarius, Hebeloma, Inocybe, Laccaria, Rhizopogon, Russula, Suillus and Chapter 4 
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Tricholoma using nuclear and fluorescein diacetate staining methods. They observed 
nearly total loss of viability of all fungi stored in refrigerated or frozen slurries after 
180 days. Many successful mycorrhizal experiments, however, have been performed 
using  spore  suspensions  previously  stored  at  either  room  temperature  or  low 
temperature for up to 10 months (Castellano et al., 1985; Chen et al., 2000c; Xu et 
al., 2001; González-Ochoa et al., 2003; Duñabeitia et al., 2004). Marx (1976) found 
that dry spores of Pisolithus could be stored at 5 
0C for up to 34 months without 
significant loss of spore viability. Moreover, spores of Rhizopogon can be stored for 
up  to  3  years  (Castellano  and  Molina,  1989).  Other  examples  of  effective  cold 
storage  of  ectomycorrhizal  fungi  include  Tuber  spp.,  where  cold  treatment  may 
enhance spore  germination (Chevalier and  Frochot, 2000; Chen, 2002). Although 
Scleroderma  spores  stored  at  4 
0C  were  as  effective  as  fresh  spores  in  forming 
mycorrhizas,  plants  inoculated  with  cold-storage  spores  were  taller  than  those 
inoculated with fresh spores. Plant-growth promoting bacteria have recently been 
isolated  from  Western  Australian  sporocarps  of  some  ectomycorrhizal  fungi  (S. 
Thomas, pers. comm.). The presence of these bacteria in the cold-stored spore slurry 
may account for the extra growth stimulation of the host (Chapter 1). 
Since  host  specificity  may  exist  in  some  mycorrhizal  fungal  genera,  such  as 
Rhizopogon  (Parladé  et  al.,  1997;  Castellano  et  al.,  1985;  Rincón  et  al.,  2001), 
further studies are recommended using a wider range of spore collections and host 
provenances  to  select  compatible  Scleroderma-Eucalyptus  partners  under  nursery 
conditions in south China (Chapters 5 & 6). 
 Chapter 5 
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CHAPTER 5 
 
Host specificity and spore inoculation of Scleroderma 
on Acacia, Eucalyptus and Pinus 
 
 
5.1 Introduction 
 
Inoculating Acacia, Eucalyptus and Pinus with compatible ECM fungi has been 
shown to be beneficial in many parts of the world (Marx et al., 1985; Thomson et al., 
1996; Duñabeitia et al., 2004; Duponnois et al., 2005). It has been suggested that 
ECM fungi can help improve productivity of eucalypt plantations in China (Chen et 
al.,  2000c;  Dell  et  al.,  2002).  An  early  introduction  of  3  exotic  pine  species  in 
Guangdong  Province  failed  in  1974,  and  subsequent  success  in  re-establishing 
plantations with mycorrhizal seedlings suggests that the failure was due to lack of 
compatible  ECM  fungi  in  the  soil  (Ge  and  Bi,  1989).  A  number  of  ECM  fungi, 
collected from under Eucalyptus in Australia, have been introduced in research trials 
into  eucalypt  plantations  in  south  China  to  screen  compatible  fungi  with  exotic 
eucalypt species (Dell and Malajczuk, 1997; Chen et al., 2000c; Brundrett et al., 
2005).  The  Scleroderma  genus  is  favoured  for  introduction  because  it  readily 
colonizes eucalypt roots in disturbed habitats (Chapters 1 & 2). It is easy to collect 
spores of Scleroderma from species that form large epigeous basidiocarps and then to 
produce  spore  inoculum  for  nursery  inoculation  programs.  However,  spores  of 
Scleroderma species are not being used commercially in China because of a lack of Chapter 5 
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knowledge  regarding  their  host  range  and  compatibility  with  the  main  plantation 
species.  This  fungal  genus  has  potential  for  application  in  commercial  plantation 
forests in the region, as some beneficial isolates can vigorously compete with other 
ectomycorrhizal fungi in the field (Garbaye et al., 1988; Hall et al., 1995; Thomson 
et al., 1996; Dell et al., 2002; Martin et al., 2003). In plantations of exotic acacias, 
eucalypts and pines, these fungi are desirable as inoculum if they are compatible with 
the  host  tree  and  are  effective  in  promoting  survival  and  production  in  the  field 
(Chapter 1). 
  In  Chapter  4,  optimum  spore  densities  and  spore  storage  conditions  for 
mycorrhization of eucalypts with a few collections of Scleroderma were determined. 
This  chapter  investigates  the  capacity  of  Scleroderma  to  form  associations  with 
seedlings of Acacia, Eucalyptus and Pinus under glasshouse conditions. This work 
addresses whether there is a need to source Scleroderma fungi from outside China to 
inoculate these exotic plantation trees, and to match inocula with host genera. 
 
5.2 Materials and methods 
 
5.2.1 Experimental design 
A  complete  randomised  design  consisting  of  96  host-fungus  combinations  (6 
hosts, 15 fungi + 1 non-fungus control) was used to compare host specificity and 
effects of inoculation on mycorrhization and growth under glasshouse conditions. 
There were 8 replicate plants for each treatment. 
 
5.2.2 Fungal inoculum 
Details of the 15 collections of Scleroderma from 8 species used in this trial are Chapter 5 
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given  in  Table  5.1.  Fungal  sporocarps  were  mostly  collected  from  Eucalyptus 
globulus  plantations  in  temperate  Western  Australia,  and  others  were  taken  from 
south China, Indonesia and Thailand to compare their compatibility. Due to budget 
limitations, Scleroderma species from subtropical or tropical parts of Australia were 
not  included  as  there  was  no  difference  in  the  relative  success  of  temperate  and 
tropical fungal isolates in nursery trials in China in an earlier study (Brundrett et al., 
2005). Methods for preparing spore inoculum were described in Chapter 4. 
 
Table 5.1.    Details of fungi used in the host range trial. Nine collections were from Australia, four 
from China, and one each from Indonesia and Thailand. 
 
Fungus  Code  Collection  Place of origin
 1  Country of origin  Tree of origin 
2 
S. albidum  SAL-1  CY-2019  Albany, WA  Australia  EGP 
S. albidum  SAL-2  CY-2080  Albany, WA  Australia  EGP 
S. areolatum  SAR-1  CY-2033  Deep Creek, WA  Australia  EGP 
S. areolatum  SVE-1  CY-2023  Albany, WA  Australia  EGP 
S. cepa  SCE-1  CY-2013  Perth, WA  Australia  ECP 
S. cepa  SCE-2  CY-2004  Albany, WA  Australia  EGP 
S. cepa  SCE-3  CY-1029  Conghua, GD  China  PMP 
S. citrinum  SCI-2  CY-2024  Lockhart, WA  Australia  EGP 
S. flavidum  SFL-2  CY-3002  Lodge Care, MHS  Thailand  MSF 
S. meridionale  SAR-3  CY-2064  Albany, WA  Australia  EGP 
S. paradoxum  SPA-1  CY-1037  Lingao, HN  China  ACP 
S. polyrhizum  SCI-1  CY-1035  Guangzhou, GD  China  EAN 
S. septentrionale  SAR-2  CY-2021  Albany, WA  Australia  EGP 
S. sp.3  SFL-1  CY-1032  Conghua, GD  China  PMF 
S. sp.5  SSP-7  CY-3001  Habisaran, NS  Indonesia  PTP 
 
1 GD, Guangdong Province; HN, Hainan Province; MHS, Mae Hong Song; NS, North Sumatra; WA, 
Western Australia 
2 ACP, Acacia crassicarpa plantation; AEN, Acacia and Eucalyptus nursery; ECP, E. camaldulensis 
plantation;  EGP,  E.  globulus  plantation;  MSF,  mixed  secondary  forest  with  Pinus,  Shorea  and 
Castanopsis;  PMF,  Pinus  massoniana  forest;  PMP,  P.  massoniana  plantation;  PTP,  P.  tecumansi 
plantation. 
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5.2.3 Host species and seed germination 
  Six plantation tree species from 3 genera were used: Acacia mangium Willd., A. 
mearnsii  De  Wild.  (Mimosaceae);  Eucalyptus  globulus  Labill.,  E.  urophylla  ST 
Blake (Myrtaceae); Pinus elliottii Engl. and P. radiata D. Don (Pinaceae). 
Acacia seeds (A. mangium seedlot no. 95076A, from Cardwell to Upper Murray, 
Queensland; A. mearnsii seedlot no. N98182A, from BEGA, NSW) were immersed 
in a large volume of boiling water and removed after 60 s. Seeds were transferred to 
filter paper in a 90-mm Petri dish and then incubated in darkness at 25 
0C for 4 days 
and in the light at 25 
0C for 2 days before planting. 
Methods for germinating eucalypt seeds (E. globulus seedlot no. 18398 and E. 
urophylla seedlot no. 19393; Chapter 4) were detailed in Chapter 4. 
Seeds  of  Pinus  elliottii  (seedlot  no.  11578,  from  CSO7E,  Woodford)  and  P. 
radiata (seedlot no. K109S; from Grimwade, WA) were soaked in 1% H2O2 solution 
at 4 
0C for 5 days. Seeds were rinsed in sterile DI water and then surface sterilized in 
30% H2O2 for 25 min. After washing four times with sterile DI water, seeds were 
placed in 90-mm Petri dishes with germination medium (0.7% water agar amended 
with 500 µM CaSO4 and 3 µM H3BO3). Plates were incubated in darkness at 25 
0C 
for 6 days and in the light at 25 
0C for 3 days before transplanting. 
 
5.2.4 Seedling growing medium 
  A nursery potting mix containing expanded coarse perlite, peat moss (natural 
sphagnum) and river sand (4:2:1 v/v) was used. The mix was moistened and steam 
pasteurized twice at 60 
0C for 2 h. Plastic containers (70 x 70 mm top diameter, 200 
mm height, Garden City Plastics, Perth) were used since this container type is ideal 
for  inducing  mycorrhizal  development  and  air-pruning  (Figure  5.1a).  Containers Chapter 5 
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were surface sterilized  with KClO3 (2-5%) and each  allocated 500  g of air-dried 
potting mix. 
 
a b c a b c
 
 
Figure  5.1.    Container  and  root  development.  a.  Plastic  container  desirable  for  mycorrhizal-root 
development; b. Pre-harvest roots of Pinus elliottii; c. Washed roots of Pinus elliottii showing well- 
developed root system. 
 
5.2.5 Planting, inoculating and maintenance 
Two  uniform  healthy  seedlings  were  transplanted  into  each  free-draining 
container,  and  seedlings  were  thinned  to  one  after  2  weeks.  Seedlings  in  each 
treatment were given 10 ml spore suspension, at a rate 10
6 spores seedling
-1, one 
week after transplanting. The spore slurry was added in a 2 cm deep hole near the 
plant using a 5 ml pipette. All containers were put on to holding trays and randomly 
placed on benches in a glasshouse. The glasshouse was evaporatively cooled and the 
maximum temperature ranged from 30-42 
0C and minimum temperature ranged from 
13-16 
0C  during  the  period  of  the  experiments.  The  position  of  each  tray  was 
randomly changed biweekly. The potting mix was watered to field capacity (ca. 10% Chapter 5 
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w/w) before planting. Soil moisture levels were then maintained by an automatic 
overhead watering system (twice a day, 5 min each). A complete liquid fertilizer was 
applied biweekly to the surface of the containers based on previous experiments for 
eucalypt mycorrhization (Dell and Malajczuk, 1995). The following were supplied at 
each application: macronutrients (mg plant
-1): N 1.5, P 0.7, K 0.9, Ca 0.5, S 0.5, Mg 
0.2; micronutrients (µg plant
-1): B 1.5, Cu 1.2, Fe 2.9, Mn 2.4 and Zn 0.9. 
 
5.2.6 Data collection 
At 6 week after planting, 4 randomly selected seedlings of each treatment were 
harvested  to  access  ECM  formation.  The  remaining  plants  were  harvested  at  12 
weeks.  The  shoot  of  each  seedling  was  removed  and  its  height  measured. 
Mycorrhizal  morphological  characters  of  each  fungus-host  pair  were  visually 
assessed. Putative ECM root tips were further  examined by transverse section or 
longitudinal section under light or scanning electronic microscopy and confirmed if 
both mantle and Hartig net were present. Root and shoot dry weights (60 
0C, 48 h) 
were determined. For each fungal treatment, individual root tips were selected to 
make fresh microscopic preparations.   
 
5.2.7 Process for mycorrhizal examination 
A randomly selected 2 g subsample of roots was preserved in 50% ethanol for 
mycorrhizal assessment. The samples were cleared within 10% KOH for 30 min at 
90 
0C and stained with Trypan Blue. Percentage of ECM colonization was counted 
under  a  dissecting  microscope  using  the  gridline  intersect  method (Appendix  III; 
Brundrett  et  al.,  1996). Colonization  data  were  expressed  as  relative  mycorrhizal 
abundance in 6 categories: 0, no ECM; 1, 0-5% roots colonized; 2, 6-25% colonized; Chapter 5 
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3, 26-50% colonized; 4, 51-75% colonized; 5, 76-100% colonized. 
Fresh mycorrhizal tips were fixed in 3% glutaraldehyde in 0.025M phosphate 
buffer (PB) at pH 7.0 and dehydrated in an acetone series. The samples for light 
microscopy were embedded in Spurr’s epoxy resin and sections (0.5-2 mm thick) 
were stained with 0.5% azure II and 0.5% methylene blue in borax (Spurr, 1969). 
Root  samples  for  scanning  electron  microscopy  were  sputter  coated  with  gold 
(Venable and Coggshall, 1965). Histology methods are detailed in Appendix III.   
 
5.2.8 Statistical treatment of the data 
Data  collected  from  the  first  harvest  at  6  weeks  were  used  for  mycorrhizal 
assessment only and were not subjected to statistic analysis. Two separate analyses 
were performed on data collected in the final collection. Two-way ANOVA was used 
to test the effect of both tree and fungus on the mean mycorrhizal infection, shoot 
height, root dry weight and shoot dry weight and total dry weight for each host. 
These  variables  measured  on  each  seedling  were  dependent,  so  the  initial 
significance test used the multivariate Wilk’s Lamba statistic, followed by univariate 
F test where the initial multivariate analysis was significant. One-way ANOVA was 
used  for  possible  differences  in  the  above  variables.  For  percentage  mycorrhizal 
colonization, data were transformed by Arc sin before performing statistic analysis. 
The significance of mean values was determined using Duncan’s Multiple Range 
Test (P≤0.05) (Gomez and Gomez, 1984). 
 
5.3 Results 
 
5.3.1 Colonization and specificity 
At 6 weeks after planting, only a few collections of Scleroderma colonized a Chapter 5 
Murdoch University 2006  - 112 - 
small proportion of fine roots of pines and eucalypts, whilst no apparent mycorrhizal 
structures were observed on acacia roots. At 12 weeks, Scleroderma ECMs were 
present on most plants, except acacias, in which colonization rates remained low. 
There  was  large  variation  in  frequency  distribution  of  abundance  classes  of 
Scleroderma  for  colonization  of  the  three  host  genera  (Figure  5.2).  The  figure 
showed that over 85% of eucalypt or pine seedlings were mycorrhizal, while 80% of 
acacias were non-mycorrhizal. Inoculation with Scleroderma on seedlings of Pinus 
elliottii resulted in some 70% mycorrhizal seedlings in abundance classes 4 and 5 
(50-100% fine roots colonized). 
ANOVAs showed that there were significant differences in mycorrhizal infection 
within  each  tree  species  and  between  fungus  collections  (P≤0.05)  (Table  5.2). 
Interactions  between  tree  and  fungus  were  also  observed.  The  majority  of  spore 
collections formed characteristic ECMs on pines and eucalypts (Figure 5.2; Table 
5.3). Fourteen of the 15 fungus collections formed ECMs on pine seedlings, and 13 
on eucalypt seedlings. Over 93% of the inoculated seedlings of pines and 86% of 
eucalypts were ECM. ECMs were extensive on some treatments of pine or eucalypt 
seedlings.  Five  spore  collections  colonized  50-100%  of  fine  roots  on  P.  elliottii 
seedlings,  and  3  inoculation  treatments  of  P.  radiata  reached  similar  levels  of 
infection. As in eucalypt seedlings, 4 spore collections resulted in abundant ECMs on 
E. urophylla, while 2 collections produced 50-100% mycorrhizas on E. globulus. 
Both Acacia mangium and A. mearnsii almost failed to form ECM in this experiment 
since there were only 2 or 3 spore collections, respectively, that colonized a small 
proportion of fine roots. 
Collections of Scleroderma from under eucalypt plantations in Western Australia 
were capable of colonizing eucalypts and pines tested in this trial (Table 5.3). Among Chapter 5 
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them,  three  collections  (SAR-1,  SCE-2  and  SVE-1)  resulted  in  well-developed 
ECMs on seedlings across the four hosts. However, there were differences within 
taxa from Australia. For example, ECMs formed extensively on both eucalypts and 
pines (50-100% of short roots) with SAR-1 (S. areolatum), while SAR-2 failed to 
colonize  seedlings  of  P.  elliottii  and  colonized  less  than  25%  of  the  short  roots 
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Figure 5.2.    Frequency distribution of abundance classes of Scleroderma  mycorrhizas on Acacia 
(upper), Eucalyptus (centre) and Pinus (lower). Bar data represent the percentage of plants in each 
abundance class over the total observation for each host (n=60). Data were combined for 15 fungal 
collections  and  the  uninoculated  treatment  was  excluded.  ECM  abundance  was  classified  into  6 
categories:  0,  0%  short  roots  colonized;  1,  0-5%  colonized;  2,  6-25%  colonized;  3,    26-50% 
colonized; 4, 51-75% colonized; and 5, 76-100% colonized. Chapter 5 
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Table 5.2.    Analysis of the effect of 15 collections of Scleroderma on the growth and the extent of 
ECMs of 6 tree species at 12 weeks. Data are probability values obtained from a number of separate 
ANOVAs. Two-way ANOVAs were performed to test the effect of both tree (species or genus levels) 
and fungus, while one-way ANOVAs were performed separately on each tree species to test the effect 
of fungus. 
 
Subject  Mycorrhiza 
1  Height  Shoot DW 
2  Root DW 
2  Total DW
 2 
Two-way ANOVA 
Tree  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 
Fungus  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 
Tree x Fungus  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 
One-way ANOVA 
Acacia mangium  0.075  < 0.001  < 0.001  0.416 
NS  0.008 
Acacia mearnsii  0.384  < 0.001  < 0.001  < 0.001  < 0.001 
Eucalyptus globulus  < 0.001  < 0.001  < 0.001  0.224 
NS  0.001 
Eucalyptus urophylla  < 0.001  < 0.001  < 0.001  0.003  < 0.001 
Pinus elliottii  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 
Pinus radiata  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 
 
1 Data of mycorrhizal infection were transferred to arcsine before ANOVAs were performed. 
2 DW, dry weight; NS, not significant (P>0.05). 
 
of eucalypts. Two collections of S. cepa (SCE-1 and SCE-2) formed ECMs on all 
hosts, while SCE-3 only colonized roots of pines. All four Chinese collections were 
compatible  with  P.  elliottii,  however,  only  one  or  two  produced  abundant 
mycorrhizas  on  the  seedlings  of  P.  radiata  and  eucalypts.  The  two  Chinese 
Scleroderma fungi collected from under secondary pine forests were more effective 
on  forming  ECMs  short  roots  with  pines  than  with  eucalypts.  The  Scleroderma 
collected from the nursery bed formed ECMs with both eucalypts and pines, while a 
collection from under acacias in the field (SPA-1) only colonized roots of P. elliottii. 
Collection SAL-1 was an effective colonizer (26-50% of short roots infected) for 
eucalypts  only  and  SCE-1  and  SCI-2  for  pines.  Seedlings  of  both  eucalypts 
inoculated with SCE-3 and SPA-1 did not form ECMs. SAR-2 and SPA-1 did not Chapter 5 
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form mycorrhizal associations on P. elliottii or P. radiata, respectively. These results 
suggest that there were some differences between collections in the ability to form 
ECMs on each host. 
Scleroderma-ECMs had shiny, white extramatrical mycelia and distinctive white 
rhizomorphs. Three typical morphological features of Scleroderma ECMs are the 
dichotomous,  pyramidal  branching  patterns,  and  simple  to  monopodial-pinnate 
clusters  (Figure  5.3).  Examination  of  transverse  sections  of  putative  ECM  roots 
 
Table  5.3.    Relative  mycorrhizal  abundance  on  four  plantation  tree  species  inoculated  with  8 
Scleroderma species from 15 collections. Data are the averages of 4 replicate seedlings. 
 
Fungus
  Code  A. mangium  A. mearnsii  E. globulus E. urophylla P. elliottii P. radiata 
S. albidum  SAL-2  0 
1  -  2  3  3  2 
S. albidum  SAL-1  -  -  3
  3  2  2 
S. areolatum  SAR-1  -  -  4  4  4  4 
S. areolatum  SVE-1  -  0  3  4  3  3 
S. cepa  SCE-3  -  -  -  -  2  3 
S. cepa  SCE-2  1  1  3  3  3  5 
S. cepa  SCE-1  0  -  2  1  1  3 
S. citrinum  SCI-2  0  -  2  3  3  3 
S. flavidum  SFL-2  0  -  1  1  3  2
 
S. meridionale  SAR-3  -  -  4  2  3  1 
S. paradoxum  SPA-1  -  -  0  -
  3  - 
S. polyrhizum  SCI-1  2  1  3  4  3  2 
S. septentrionale  SAR-2  1  0  3
  2
  -  1 
S. sp.3  SFL-1  -  -  1
  3
  5  3 
S. sp.5  SSP-7  -  -  1
  3  4  3 
Control  CONT  -  -  -  -  -  1 2 
 
1 -, no ECM; 0, roots colonized by hyphae but Hartig net absent or weakly developed; 1 to 5, ECM 
with mantle and Hartig net: 1, 0-5% colonized; 2, 6-25%colonized; 3, 26-50% colonized; 4: 51-75% 
colonized; and 5, 76-100% colonized. 
2 ECMs formed by contaminating species. 
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Figure 5.3.    Light microscopy views of Scleroderma ectomycorrhizas. a. Extraradical mycelium of S. 
meridionale (SAR-3) associated with roots of Eucalyptus globulus. Fine absorbing hyphae and/or 
rhizomorphs  are  present;  b.  Cluster  of  simple  to  monopodial-pinnate  E.  globulus-S.  parodoxum 
(SPA-1) ECMs. Rhizomorphs are evident; c. A monopodial pyramidal ECM and an unbranched ECM 
tip formed by S. areolatum (SAR-1) with E. globulus; d. A dichotomous ECM formed by S. sp.3 
(SFL-1) with Pinus elliottii. Rhizomorphs between ECMs are indicated (stars). 
 
confirmed that the Hartig net hyphae were present around epidermal and cortical 
cells of pine roots (Figures 5.4a, b & 5.5a, d), while Hartig net hyphae were only 
present around epidermal cells of eucalypt roots (Figures 5.4c & 5.5b). Hyphae were 
observed  growing  around root systems of acacia seedlings, and mantle structures 
were present in transverse sections, but Hartig nets were undeveloped or completely 
absent (Figure 5.4d). 
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Figure  5.4.    Transverse  sections  of  Scleroderma  ectomycorrhizas  photographed  under  a  light 
microscope. a. Pinus elliottii-S. citrinum (SCI-2) ECM, note the thin mantle (M) surrounding the root 
surface and Hartig net (arrows) between epidermal (E) and some cortical (C) cells; b. P. radiata-S. 
cepa (SCE-2) ECM, note the thick mantle structure including compact inner mantle (IM) and loose 
outer  mantle  (OM),  and  the  Hartig  net  around  epidermal  and  some  cortical  cells;  c.  Eucalyptus 
urophylla-S. polyrhizum (SCI-1) ECM, note the Hartig net (arrows) around epidermal cells; d. Acacia 
mangium inoculated with S. areolatum (SAR-1) showing the presence of a mantle structure and poorly 
developed Hartig net. The cell walls of the outer cortex show a thickening reaction to the fungus 
suggesting the fungus is being walled off. Sections were stained with Methylene Blue. 
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Figure  5.5.    Scanning  electron  microscopy  images  showing  the  morphology  and  anatomy  of 
Scleroderma ECMs. a. A dichotomous Pinus elliottii-S. areolatum (SAR-1) ECM showing abundant 
hyphae surrounding the outside of roots; b. Closer view of the mantle structure on the root surface of 
Eucalyptus globulus inoculated with S. paradoxum (SPA-1); c. Presence of mantle-like layer (M) and 
rhizomorphs (long arrows) on a root surface of Acacia mangium inoculated with S. cepa (SCE-1); 
note some areas of root surface were not covered by hyphae (red stars) indicating an undeveloped 
mantle structure; d. Transverse section of an ECM tip of P. radiata-S. areolatum (SAR-1), showing 
the well developed mantle (M) and Hartig net (arrow heads). 
 
5.3.2 Growth of the hosts 
At harvest, root systems of each host species were well developed with abundant 
feeder roots to attract colonization of introduced Scleroderma (Figure 5.1b, c). There 
were significant differences in the height, shoot dry weight, root dry weight and the Chapter 5 
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total dry weight between hosts, fungus treatment, and their interactions, respectively, 
when a two-way ANOVA was performed (Table 5.2). For each host, effects of fungus 
treatments were significant on the above variables, except for root dry weight of A. 
mangium  and E.  globulus  (one-way  ANOVAs),  respectively.  Inoculated  seedlings 
were  generally  larger  than  uninoculated  controls  of  each  tree  (Figures  5.6-5.9). 
Effects of inoculation on height growth of acacias varied from -19% (A. mangium, 
SCI-1)  to  175%  (A.  mearnsii,  SAR-2)  (Figure  5.7).  Inoculation  significantly 
stimulated the height and total biomass of E. globulus by up to 45% and 60%, and by 
70%  and  105%  for  E.  urophylla,  respectively  (Figure  5.8).  Collections  SAL-1, 
SCE-2, SCI-2, SFL-2, SPA-1, SSP-7 and SVE-1 best promoted the growth of E. 
urophylla, and SAR-3, SFL-2, SPA-1 and SSP-7 were the better growth-promoters 
for E. globulus. In terms of the effects on the growth of P. elliottii, seedlings of 4 
fungus treatments (SAL-1, SAL-2, SCI-2 and SFL-1) were significantly taller than 
the  other  treatments,  and  9  of  15  fungus  collections  increased  seedling  total  dry 
 
SAL1 SAR2 SCE1 SCE3 SCI1 SCI2 SFL1 SAR3 SPA SAR1 SVE SCE2 SAL2 SSP SFL2 CONT SAL1 SAR2 SCE1 SCE3 SCI1 SCI2 SFL1 SAR3 SPA SAR1 SVE SCE2 SAL2 SSP SFL2 CONT  
 
Figure 5.6. Inoculation with Scleroderma generally promoted growth of eucalypt and pine seedlings, 
such as the height of Eucalyptus urophylla plants at harvest as shown in this photograph. From left to 
right: plants are inoculated with one of 15 Scleroderma collections while the far right plant (CONT) is 
the non-inoculated control. Chapter 5 
Murdoch University 2006  - 120 - 
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Figure  5.7.    Effects  of  Scleroderma  inoculation  on  shoot  height  and  total  dry  weight  of  Acacia 
mangium (left) and A. mearnsii (right). Standard errors are given. For each host, bars with same letters 
in each parameter are not significantly different by Duncan’s Multiple Range Test (P≤0.05). CONT 
(yellow bar), uninoculated control; other codes (blue bars) are given in Table 5.1. 
 
weight  (Figure  5.9).  All  fungus  collections,  except  SCI-1,  greatly  enhanced  the 
height and total biomass of P. radiata. Positive correlations between mycorrhizal 
colonization  and  growth  responses  (height  or  total  dry  weight)  were  generally 
obtained on eucalypts and pines (R
2 ranged from 0.45 to 0.74). 
 
5.4 Discussion 
 
5.4.1 Host specificity 
Differences  between  the  collections  of  Scleroderma,  in  their  ability  to  form 
ECMs and promote growth, were apparent on seedlings of the six plantation hosts Chapter 5 
Murdoch University 2006  - 121 - 
under glasshouse conditions. Fully developed ECM symbioses were present on the 
roots of 14 (pines) or 13 (eucalypts) of the 15 fungal inoculant treatments, although 
the proportion of mycorrhizal roots varied between tree species and collections. Only 
2 to 3 collections colonized seedlings of the Acacia species and colonization rates 
were low. Excluding Acacia, there was generally low host specificity of Scleroderma 
between  host  genera  (Eucalyptus  and  Pinus).  However,  the  collections  of 
Scleroderma from under pines were less vigorous on eucalypts than were some of the 
Scleroderma collections from under eucalypts in plantations in Australia. Further, 
there  were  differences  within  taxa,  even  from  the  same  collecting  region.  For 
example, one collection of Australian S. areolatum (SAR-1) formed extensive ECMs 
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Figure 5.8.    Effects of Scleroderma inoculation on shoot height and total dry weight of Eucalyptus 
globulus (left) and E. urophylla (right). Standard errors are given. For each host, bars with same letters 
in each parameter are not significantly different by Duncan’s Multiple Range Test (P≤0.05). CONT 
(yellow bar), uninoculated control; other codes (blue bars) are given in Table 5.1. Chapter 5 
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Figure 5.9.    Effects of Scleroderma inoculation on shoot height and total dry weight of Pinus elliottii 
(left) and P. radiata (right). Standard errors are given. For each host, bars with same letters in each 
parameter are not significantly different by Duncan’s Multiple Range Test (P≤0.05). CONT (yellow 
bar), uninoculated control; other codes (blue bars) are given in Table 5.1. 
 
on both eucalypts and pines (over 50% of short roots), whilst SAR-2 (same storage 
as SAR-1) failed to colonize seedlings of P. elliottii and colonized less than 25% of 
short roots of P. radiata and E. urophylla by week 12. By contrast, S. citrinum and S. 
flavidum collected from either south China, Western Australia, or northern Thailand, 
showed no or little host specificity on all hosts in this trial. ECM associations were 
not fully developed on both acacia species for all fungal collections. Whether the 
failure to form ECMs on acacias is due to host specificity needs further exploration. 
S. citrinum has been found to be commonly associated with various tree species in 
nurseries,  plantations  and  forests  (Schramm,  1966;  Garrido,  1984;  Ingleby  et  al., Chapter 5 
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1985; Duñabeitia et al., 2004). Scleroderma species have been confirmed to form 
ECM  on  15  host  genera  by  mycorrhiza  synthesis  experiments,  including  Acacia, 
Eucalyptus and Pinus (Chapter 1; Jeffries, 1999).   
Scleroderma fungi, such as S. bovista, S. citrinum and S. verucosum, have been 
observed in coniferous or eucalypt forest and plantations (Pryor, 1956; Takacs, 1961; 
Bakshi, 1966; Birch, 1973; Guzmán and Varela, 1978; Dunstan et al., 1998; Chen et 
al., 2000b; Chen et al., 2004). S. bovista, S. cepa, S. citrinum, S. meridionale and S. 
verrucosum have been previously used to inoculate Eucalyptus and Pinus species 
(Trappe, 1962; Marx, 1969; Chu-Chou, 1979; Richter and Bruhn, 1989; Dell et al., 
1994; Parladé et al., 1996; Lu et al., 1998; Rincón et al., 2001; Chen et al., 2000b). 
At least three taxa from Scleroderma (such as S. dictysporum, S. polyrhizum and S. 
verrucosum)  have  been  used  to  inoculate  acacias  (Reddell  and  Warren,  1987; 
Founoune et al., 2002; Duponnois and Plenchette, 2003; Duponnois et al., 2005). 
Examples of successful colonization of tree-fungus combinations include: Betula and 
Populus  (S.  cepa  and  S.  polyrhizum)  (Richter  and  Bruhn,  1987),  Quercus  (S. 
auranteum, S. citrinum and S. polyrhizum) (Trappe, 1962; Schramm, 1966; Beckjord 
et al., 1985; Diez et al., 2000), dipterocarps (S. columnare) (Mori and Marjenah, 
2000), and Afzelia, Isoberlinia and Brachystegia (S. dictyosporum, S. verrucosum 
and two unknown Scleroderma) (Sanon et al., 1997). Whilst most studies tested the 
comparability of Scleroderma in one host genus only, Dell et al. (1994) and Sanon et 
al.  (1997)  compared  across  a  few  tree  genera  from  Australia  or  the  Northern 
hemisphere, respectively. Scleroderma has been considered to be incompatible with 
Casuarina (Dell et al., 1994) or Alnus (Molina, 1981). Reddy and Satyanarayana 
(1998) reported that isolates of S. cepa and S. flavidum failed to form ECMs on E. 
tereticornis  in  vitro.  Apart  from  these  studies,  the  literature  suggests  that Chapter 5 
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Scleroderma generally colonizes a wide range of host trees. 
Results on colonization ability of 15 collections of Scleroderma on six plantation 
trees showed that variable degrees of compatibility of fungal collection-host species 
influenced  successful  colonization  and  development  of  mycorrhizas.  These  are 
consistent with previous findings on eucalypt mycorrhization (Malajczuk et al., 1990; 
Dell et al., 1994; Parladé et al., 1996). Previous studies conclude that many ECM 
fungi show specificity at the host genus level rather than at the host species level 
(Chilvers, 1973; Malajczuk et al., 1982). A few broad-host-range fungal symbionts, 
such as Amanita muscaria and Hebeloma crustuliniforme, are capable of forming 
ECMs  in  common  on  eucalypts  and  pines  (Malajczuk  et  al.,  1982).  In  contrast, 
coniferous Pisolithus failed to form real ECMs on eucalypts by lacking Hartig net in 
field  and  in  vitro  (Chapter  2;  Malajczuk  et  al.,  1982,  1990;  Lei  et  al.,  1990; 
Duddridge, 1986; Dell et al., 1994; Chen et al., 2000b; Dell et al., 2002). In this 
experiment,  Scleroderma  collected  from  under  eucalypt  plantations  in  Australia 
formed ECMs on both P. elliottii and P. radiata. By contrast, Scleroderma associated 
with P. massoniana in China was less compatible with eucalypts than with pines.   
 
5.4.2 Effects on host growth 
Inoculation  with  Scleroderma  generally  enhanced  the  growth  of  host  plants, 
especially pines and eucalypts, in this trial, confirming the potential usefulness of 
this genus for slow-growing nursery stock. Growth promotion at the nursery stage is 
not  necessarily  important  for  fast-growing  species,  such  as  E.  urophylla  or  A. 
mangium,  but  is  advantageous  for  most  pines.  The  priority  of  inoculating 
containerized  seedlings  is  the  extent  of  mycorrhizal  success  and  the  subsequent 
improvement in survival and growth in the field. Apart from plantation species of Chapter 5 
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eucalypts  and  pines,  Scleroderma  also  has  potential  to  assist  establishment  and 
growth of Acacia species introduced to south China. Trees of this genus may have 
both  ECM  and  AM  associations  and  inoculation  with  compatible  ECM  fungi 
(Reddell and Warren, 1987; Bă et al., 1994; Founoune et al., 2002; Duponnois et al., 
2005;  Lesueur  and  Duponnois,  2005)  or  AM  fungi  (Habte  and  Soedarjo,  1996; 
Ghosh and Verma, 2006) has been effective in some cases. Results from this trial 
showed  that  mycorrhizal  associations  on  root  systems  of  acacia  seedlings  were 
poorly  developed.  However,  growth  responses  were  obtained  in  some  treatments 
even where ECM did not form. Mechanisms for the growth stimulation could include 
the  production  of  growth-promoting  hormones  in  roots  triggered  by  hyphae  of 
Scleroderma in the rhizosphere, or the production of growth substances by some 
beneficial bacteria if they were present in the spore inoculum. Since the primary 
focus of this thesis is on eucalypt-compatible Scleroderma spp., this aspect will not 
be explored further. Nevertheless, previous work has shown that Scleroderma can 
enhance  the  growth  of  acacias  (Founoune  et  al.,  2002),  eucalypts  (Burgess  and 
Malajczuk,  1990;  Reddell  and  Milnes,  1992;  Dell  et  al.,  1994;  Reddy  and 
Satyanarayana, 1998), pines (Rangarajan et al., 1990; Rao et al., 1996; Fay et al., 
1997) (Chapter 1). Growth promotions were also observed on Castanopsis hystrix 
(Chen et al., 2001), and species in Dipterocarpaceae, such as Dipterocarpus, Hopea 
and  Shorea  (Santoso,  1991;  Lee  and  Alexander,  1996;  Omon,  1996;  Supriyanto, 
1999).  Whilst  generally,  there  was  a  positive  correlation  between  mycorrhizal 
colonization and growth stimulation for each host, a few collections used in this trial 
had no effect on growth and a few collections (such as SCE-3) decreased the total 
dry weight of Pinus elliottii. In addition, collection SCI-1 (S. polyrhizum), which 
aggressively  colonized  roots  of  E.  globulus  (>50%  of  fine  roots  at  week  12), Chapter 5 
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promoted growth less than plants inoculated with SFL-2 (<25% of fine roots). These 
findings  are  similar  to  those  in  four  previous  studies  where  Scleroderma  was 
inoculated onto Afzelia africana (Bâ et al., 1999), E. globulus (Lu et al., 1998), P. 
sylvestris (Colpaert et al., 1992) or Quercus ilex ballota (Seva et al., 1996).   
The experimental conditions applied in our trial have been previously tested to 
grow  mycorrhizal-eucalypts  with  inoculation  of  Scleroderma  spores  (Chapter  4). 
Results  from  inoculation  of  eucalypts  at  three  nurseries  in  Western  Australia 
(Mediterranean) and south China (subtropical and temperate) with 18 collections of 
Scleroderma revealed that there were no significant differences in the performance of 
congeneric fungal collections from different climatic regions (Brundrett et al., 2005). 
This suggests that fungi of this genus may be particularly suitable for inoculating 
eucalypts  in  south  China,  where  the  climate  ranges  from  lowland  subtropical  / 
tropical to temperate in upland areas in the south. Whether these fungi are effective 
in forming ECMs under Chinese nursery conditions will be evaluated in Chapter 6. 
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CHAPTER 6 
 
Effects of rooting medium and inoculation with Scleroderma spores 
on growth of Eucalyptus urophylla in a nursery in south China 
 
 
6.1 Introduction 
 
Several collections of Scleroderma fungi have been shown to be compatible with 
exotic eucalypts in a nursery potting mix containing peat, perlite and sand where they 
formed ectomycorrhizas (Chapter 5). Whether these fungi can persist and form ECM 
with eucalypts under operational nursery conditions in China remains to be tested. 
The  type  of  rooting  medium  is  important  in  nurseries  since  fumigation,  nutrient 
levels,  microorganisms  and  other  factors  may  affect  spore  germination  and 
mycorrhization  (Castellano  and  Molina,  1989;  Aggangan  et  al.,  1996b). 
Non-pasteurized field soils are commonly used as growing medium to raise seedlings 
of eucalypts in nurseries in China (Figure 6.1). These field soils are low in nutrients 
and may contain soil pathogens, such as Ralstonia, the cause of bacterial wilt in 
plantations in some areas. Additionally, this nursery practice may reduce the ability 
of introduced inoculant ECM fungi to colonize roots where competing indigenous 
fungi are present. Whether the field soil can influence the germination percentage of 
ECM  fungal  spores  and  post-germination  events  remains  unclear.  The  following 
questions  are  addressed  in  this  chapter:  (i)  Can  Scleroderma  form  ECMs  in Chapter 6 
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non-pasteurized  field  soil  under  nursery  conditions?  (ii)  Can  Scleroderma 
out-compete  indigenous  ECM  fungi  under  nursery  conditions?  (iii)  Are  there 
effective eucalypt-compatible ECM fungi in soil? (iv) What nursery practices can be 
modified for optimum development of mycorrhiza and for producing high quality 
seedlings for outplanting in south China? 
 
 
 
Figure 6.1.    Field soils are commonly used in forest nurseries in south China. a. Soil collected from 
local forests or plantation sites stock-piled ready for use; b. Eucalypt seedlings growing in nursery 
beds with red soil; c. Nursery beds with seedlings of other plantation species; and d. Seedlings being 
grown in plastic polybags. 
 
6.2 Materials and methods 
 
6.2.1 Experimental design 
  To compare the effects of field soils and a nursery mix on the inoculation of 
Scleroderma spores and the growth of a tropical eucalypt (E. urophylla) in a nursery, Chapter 6 
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a complete randomized block design was used consisting of 5 soils and 8 inoculation 
treatments (6 fungi + 2 controls). There were 8 replicate containers in each treatment. 
Inoculation  treatments  (T1  to  T6)  and  one  non-inoculation  control  (T7)  used 
non-pasteurized soil, whilst the other non-inoculation control (T8) used sterile soil 
(autoclaved, 121 
0C, 30 min) (Table 6.1). 
 
Table 6.1.    Inoculation treatments and fungus collections used in the nursery trial. 
 
Code  Scleroderma  Collection  Place of origin 
1  Country of origin  Eucalyptus host 
T1  S. citrinum  CY-2032  Deep Creek, WA  Australia  E. globulus 
T2  S. polyrhizum  CY-2012  Albany, WA  Australia  E. globulus 
T3  S. meridionale  CY-2064  Kurruish, WA  Australia  E. globulus 
T4  S. citrinum  CY-1048  Leizhou, GD  China  E. urophylla x 
tereticornis 
T5  S. polyrhizum  CY-1049  Dongmen, GX  China  E. robusta 
T6  S. cepa  CY-1050  Gaoyao, GD  China  E. urophylla 
Non-inoculation 
T7  Soils used were non-sterile 
T8  Soils used were autoclaved 
 
1 GD, Guangdong Province; GX, Guangxi Province; WA, Western Australia. 
 
6.2.2 Nursery description 
The nursery was located at Longdong, Guangzhou, south China (21
0 49' 28N, 
111
0 39' 00E, 81 m a.s.l.). The experiment was carried out in the normal season for 
producing  stock  for  outplanting  in  March-April  and  was  established  in  late 
September 2004 near the end of the wet season to avoid any risk of waterlogging on 
mycorrhization (Figure 6.2). Monthly rainfall and temperature data from the period 
of  the  experiment  were  obtained  from  the  nearby  meteorological  station  in 
Guangzhou.   Chapter 6 
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Figure  6.2.  Temperature  profile  (mean,  maximum  and  minimum)  and  rainfall  at  the  nursery  in 
Guangzhou during the period (September 2004 – March 2005) of the nursery trial. 
 
6.2.3 Fungal inoculum 
Six  collections  of  Scleroderma  spores  from  under  Eucalyptus  plantations  in 
Western Australia (T1 to T3) or south China (T4 to T6) were used for inoculation. 
Some collections have been previously tested to be compatible with eucalypts in a 
glasshouse (Chapters 4 & 5). Details of the fungi used in this trial are given in Table 
6.1. Sporocarps were dried at 30 
0C for 48 hours, and crushed by hand and sieved 
(400  µm)  to  produce  spore  powders.  Spore  masses  were stored  at  4 
0C  for  1-18 
months before use. Each fungal spore mass was blended in distilled deionized (DI) 
water (1:10, vol.) for 5 s on low speed. A drop of Tween 80 was added to assist 
suspension. The initial spore concentration was measured with a hematocytometer 
and the bulk spore suspension was serially diluted to obtain a concentration of 10
5 Chapter 6 
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spores ml
-1. This rate was shown to be effective in previous trials (Chapters 4 & 5). 
 
6.2.4 Plant material and seed germination 
A common exotic plantation species in south China, Eucalyptus urophylla ST 
Blake  (Myrtaceae),  was  used  in  this  trial.  Seeds  (as  in  Chapter  4)  were  surface 
sterilized in NaOCl and transferred to a tray filled with autoclaved river sand (121 
0C, 
30 min) (Chapter 2). 
 
6.2.5 Seedling growing medium 
Four different types of soil were collected from under eucalypt plantations in 
south China. These soils were chosen because they are the main soil types (granitic 
loam, lateritic loam, red clay and doleritic soil) in which eucalypt plantations have 
been  established  in  the  region  (Table  6.2;  Figure  6.3a-e).  Containerized  eucalypt 
nurseries have been established on all of these soil types and many nurseries still use 
local field soil for potting purposes (Figure 6.1). Details of the soil pH and nutrient 
properties are given in Table 6.3. A nursery potting mix containing vermiculite, local 
peat  (black,  from  Gaoyao,  south  China)  and  river  sand  (2:1:2,  v/v)  was  used  to 
 
Table 6.2.    Details of site location of soils (S1-4) collected from Eucalyptus plantations in south 
China. A nursery potting mix (S5) was used to compare with field soils. 
 
Soil  Soil type  Location 
1  Longitude  Latitude  Altitude (m)  Eucalyptus 
S1  granitic sandy loam  Yangxi, GD  21
049'28N  111
039'00E  35  E. urophylla 
S2  lateritic loam  Pingxiang, GX  22
007'32N  106
048'13E  266  E. robusta 
S3  red clay  Gaoyao, GD  23
000'00N  109
041'15E  97  E. urophylla 
S4  doleritic red soil  Leizhou, GD  22
022'14N  107
050'48E  125  E. urophylla x 
tereticornis 
S5  nursery potting mix: vermiculite, peat and river sand (2: 1: 2, v/v) 
 
1 GD, Guangdong Province; GX, Guangxi Province Chapter 6 
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compare with the field soils. Soils for one of the control treatments (T8, Table 6.1) 
were  moistened  and  autoclaved  at  121 
0C  for  30  min  before  placed  into  pots. 
Free-draining plastic pots (150 x 150 mm top diameter, 200 mm height) were surface 
sterilized with KClO3 (2-5%), rinsed with water and filled with air-dried soil up to 
one cm from the pot top (Figure 6.3). 
 
a b
c d
e f
a b
c d
e f
a b
c d
e f
 
 
Figure 6.3.    Four types of field soils (S1-S4) and a potting mix (S5) were used as rooting media in 
the nursery trial. a-e. S1-S5, respectively; f. Eucalyptus urophylla seedling pots were covered by a 
shadehouse enclosure from 1000-1500 h in the first 3 weeks. Chapter 6 
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Table 6.3.    Chemical characteristics of the four soils (S1 – S4) collected from eucalypt plantation 
sites in south China, and a nursery potting mix (S5). 
 
Soil type 
Soil parameter 
S1  S2  S3  S4  S5 
pH  4.34 b 
1  5.81 d  3.98 a  4.29 b  4.98 c 
Organic C (g kg
-1)  0.76 a  2.13 c  1.02 b  0.80 a  2.48 d 
Total N (g kg
-1)  0.03 a  0.08 c  0.04 ab  0.03 a  0.05 b 
Total P (P2O5, g kg
-1)  0.02 a  0.07 c  0.02 ab  0.03 ab  0.04 b 
Total K (K2O, g kg
-1)  0.42 b  0.13 a  0.41 b  0.13 a  2.89 c 
Bray-I P (mg kg
-1)  0.17 a  1.00 b  0.73 a  1.00 b  13.44 c 
Exchangeable K (mg kg
-1)  26.11 c  26.24 c  11.35 a  14.25 b  34.83 d 
 
1 Values in each row followed by the same letter are not significantly different at P≤0.05 (Duncan’s 
Multiple Range Test). Methods used for chemical analysis are given in section 6.2.8. 
 
6.2.6 Planting, inoculating and maintenance 
Three uniform, healthy, 10-day old seedlings were transplanted into each pot, 
and seedlings were thinned to one after 2 weeks. Seedlings in each treatment were 
given  10  ml  spore  suspension  at  a  rate  10
6  spores  seedling
-1  2  weeks  after 
transplanting. The spore slurry was added in a 2-3 cm deep hole near the plant using 
a 5 ml pipette. All pots were put on to holding trays which were randomly placed on 
bricks in nursery beds to avoid cross contamination and to ensure good drainage. The 
position of each tray was randomly changed biweekly. Pots were watered to field 
capacity (ca. 12% w/w) before planting. Soil moisture levels were then maintained 
by  irrigating  twice  a  day  by  hand.  A  portable  shadehouse  (50%  nylon  mesh) 
enclosure was used from 1000-1500 h to protect plants in the first 3 weeks after 
transplanting (Figure 6.3f). Because soils are generally nutrient poor in the region 
(Table 6.3) and nurseries are in the habit of adding some nutrients to improve growth, 
pots were top-dressed with a low rate of fertilizer [0.6 g of encapsulated slow-release Chapter 6 
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fertilizer (15N-3.96P-9.96K, Osmocote® Plus, the Scotts Co., Maryville)] one day 
after inoculation (day 2), and thereafter on days 28 and 112. Weeds were removed by 
hand when sighted. 
 
6.2.7 Data collection and mycorrhizal measurement 
After four months, seedlings were harvested by removing the shoots at the soil 
line and washing the roots free of soil. ECM morphotypes were visually assessed 
using  live  roots.  A  randomly  selected  5  g  fresh  weight  subsample  of  roots  was 
cleared in 10% KOH for 30 min at 90 
0C and stained for 15 min with acid fuchsin 
(0.05%  in  lactoglycerol).  Half  samples  were  used  to  quantify  ECM  colonization 
under a dissecting microscope, and the remainder was mounted on microscope slides 
to  check  for  AM  structures  and  the  percentage  of  root  length  colonized  using  a 
compound  microscope  (Appendix  III).  Infection  results  of  each  ECM  morphtype 
were also expressed as abundance classes according to percentages of infected short 
roots in each seedling. Abundance classes were defined with levels 0 (no ECM or 
AM), 1 (1-5% of short roots), 2 (6-25%), 3 (26-50%), 4 (51-75%) and 5 (76-100%). 
Roots and shoots were dried in an oven (60 
0C, 48 h) and weights taken. Roots and 
shoots were analyzed to obtain the content of total nitrogen (N), phosphorus (P) and 
potassium  (K).  Mycorrhizal  dependency  (MD)  was  evaluated  according  to  the 
following  equation: 100 ) ( ×
−
=
a
b a
MD ,  where  a  and  b  are  dry  weight  of 
mycorrhizal and non-mycorrhizal treatments, respectively. 
 
6.2.8 Plant and soil nutrient analysis 
Dried shoots and roots were analyzed separately to obtain the amount of total N, 
P and K. For the measurement of total N, samples were pre-digested with salicylic Chapter 6 
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acid and conc. H2SO4 at 21 
0C, digested in conc. H2SO4 and H2O2 at 360 
0C (Shedley 
et al., 1995) and N determined spectrophotometrically using the Berthelot reaction 
(Issac and Johnson 1976). Total P and K were analyzed by digesting samples in nitric 
acid followed by ICP-AES spectrometry (Zarcinas et al., 1987). Soil samples were 
air-dried and grounded to pass a 2-mm sieve. Organic C was determined using a 
modified Mebius method (Yeomans and Bremner, 1988). Total N, P and K were 
digested  by  Kjeldahl  digestion  block  techniques  (Bremner  and  Mulvaney,  1982). 
Bray-I P was analyzed as NaHCO3-extractable (PO4
3-) P (Olsen and Sommers, 1982). 
Exchangeable K was extracted using the saturation extract method (Rhoades, 1982). 
Soil pH was measured as 1:5 soil: 0.01 M CaCl2 suspension. 
 
6.2.9 Statistical treatment of the data 
Two separate analyses were performed. Two-way ANOVA was used to test the 
influence of both soil and fungus in mean mycorrhizal infection, shoot height, root 
dry weight and shoot dry weight. These variables measured on each seedling were 
dependent, so the initial significance test used the multivariate Wilk’s Lamba statistic, 
followed by univariate F test where the initial multivariate analysis was significant. 
For the second analysis, one-way ANOVA was used to test for possible differences 
on the above variables for each soil. Initial significance testing used Wilk’s Lamba, 
followed by univariate F test where the initial multivariate analysis was significant. 
This allowed for dependence in the data (all four dependent variables were measured 
on each seedling). Percentage data of mycorrhizal infection were transformed by arc 
sin before performing statistic analysis. The significance of mean differences was 
determined  using  Duncan’s  Multiple  Range  Test  (P≤0.05)  (Gomez  and  Gomez, 
1984). Chapter 6 
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6.3 Results 
 
6.3.1 Mycorrhizal colonization 
Mycorrhizal  status  and  colonization  of  nursery-grown  Eucalyptus  urophylla 
seedlings  was  determined  at  4  months  after  inoculation.  Characteristic 
ectomycorrhizas  of  Scleroderma  were  present  in  the  root  systems  of  seedlings 
inoculated  with  Scleroderma  spores  (Figure  6.4  a-b).  Four  other  morphotypes  of 
ECM were present in some treatments (Figure 6.4 c-f), hence infection rates of each 
morphotype were scored individually. In addition, there was low infection by AM 
fungi  in  soil.  Scleroderma  ECMs  were  the  dominant  symbiosis  on  the  roots  of 
inoculated seedlings in all soils. 
 
6.3.1.1 Colonization by Scleroderma 
Two-way  ANOVA  showed  that  there  were  significant  differences  in 
ectomycorrhizal colonization from Scleroderma spores between soils and between 
fungus treatments (P<0.001) (Table 6.4). Interactions between soil and fungus on 
colonization were also significant.   
Mycelium from spore inocula of Scleroderma aggressively colonized roots in the 
nursery potting mix (S5) with ca. 58% of short roots infected (Figure 6.5). In contrast, 
only ca. 12-18% of short roots were Scleroderma-ECMs in S1 (granitic loam) or S3 
(red  clay).  Two  collections  of  Scleroderma  resulted  in  abundant  ectomycorrhizas 
(over  76%  of  short  roots)  on  seedlings  grown  in  the  potting  mix,  whilst  ECMs 
formed less intensively with plants grown in soil from the field (Table 6.5). Variation 
in colonization of Scleroderma collections between rooting media demonstrated that 
soil type greatly affected ECM development. Potting mix, consisting of vermiculite,   Chapter 6 
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Figure  6.4.    Examples  of  some  ectomycorrhizal  tips  on  nursery-grown  seedlings  of  Eucalyptus 
urophylla viewed under light microscope. a-b. Typical ECMs formed by Scleroderma; c. White ECM 
tips formed by Laccaria (ECM I); d. Yellowish Pisolithus-like ECMs (ECM II); e. Jet-black ECMs 
formed by an unknown fungus (ECM III); f. Brown to dark brown ECMs formed by an unknown 
contaminant (ECM IV) (Bars=1.0 mm). 
 
peat  and  river  sand,  was  most  efficient  in  inducing  the  formation  of  ECM  by 
Scleroderma spores under nursery conditions in this trial. Among the four field soils, Chapter 6 
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the  lateritic  soil  (S2)  was  the  most  conducive  for  Scleroderma,  followed  by  the 
doleritic soil (S4). 
 
Table 6.4.    Significance of inoculation with Scleroderma spores on ectomycorrhizal infection and 
the growth of Eucalyptus urophylla cultivated in  five  media. Data are proportions from two-way 
ANOVA. 
 
Sources  Colonization 
1  Height 
Shoot dry 
weight 
Root dry 
weight 
Total dry 
weight 
Soil  <0.001 *** 
2  <0.001 ***  <0.001 ***  <0.001 ***  <0.001 *** 
Fungus
  <0.001 ***  <0.001 ***  0.167 
ns  0.003 **  0.002 ** 
Soil x fungus  <0.001 ***  <0.001 ***  0.695 
ns  0.053 
ns  0.088 
ns 
 
1 ECM colonization by contaminating species present in some soils was excluded. 
2 ns, non significant, P>0.05; *, 0.01<P≤ 0.05; **, 0.001<P≤0.01; *** P≤0.001. 
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Figure 6.5.    Mean percentage of mycorrhizal colonization in each morphotype present on the roots 
of nursery-grown Eucalyptus urophylla seedlings. Plants were grown in four field soils (S1-S4) or a 
container mix (S5). Data are means of seedlings inoculated with Scleroderma spores (a, n = 48) or 
uninoculated controls (b, n = 16). ECM I, Laccaria; ECM II, Pisolithus-like; ECM III, Unknown 
genus  (short  clubbed  black);  ECM  IV,  Unknown  genus  (brown  to  dark  brown);  AM,  arbuscular 
mycorrhizal associations present on roots at harvest. Chapter 6 
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Table  6.5.    Abundance  of  ectomycorrhizas  on  nursery-grown  Eucalyptus  urophylla  seedlings 
inoculated with Scleroderma spores (T1 to T6) compared with uninoculated treatments (T7 - non 
sterile soil, T8 – autoclaved soil). Plants were grown in four field soils (S1-S4) or a container mix (S5). 
Data  of  ECMs  formed  by  inoculated  Scleroderma  or  indigenous  ECM  species  (Other  ECM)  and 
arbuscular mycorrhizas (AM) are given. 
 
Soil  Mycorrhiza  T1  T2  T3  T4  T5  T6  T7  T8 
Scleroderma
  2 
1  1  3  2  1  0  0  0 
Other ECM  1 (IV)
 2  0  2 (IV)  1 (IV)  1 (IV, III)  1 (IV)  2 (IV)  0  S1 
AM  0  2  0  3  0  2  2  0 
Scleroderma
  4  3  4  2  3  2  0  0 
Other ECM  1 (III)  0  1 (III, IV)  1 (III)  0  1 (III)  3 (III)  0  S2 
AM  0  0  0  0  0  0  0  0 
Scleroderma
  2  1  3  1  2  2  0  0 
Other ECM  1 (I)  1 (I)  2 (I)  1 (I)  0  1 (I)  2 (I)  0  S3 
AM  0  3  2  0  0  0  2  0 
Scleroderma
  1  4  3  1  3  2  0  0 
Other ECM  1 (II)  0  0  1 (II)  2 (II)  1 (II)  2 (II)  1 (II)  S4 
AM  0  0  3  0  2  2  3  0 
Scleroderma
  5  3  5  3  3  2  0  0 
Other ECM  0  0  1 (IV)  0  0  0  2 (IV)  0  S5 
AM  0  0  0  0  0  0  0  0 
 
1 Abundance levels: 0, no ECM or AM; 1, 1-5% of short roots colonized; 2, 6-25%; 3, 26-50%; 4, 
51-75%; 5, 76-100%. 
2 Brackets indicate type of contaminating ECM present in each soil. Details are given in Figure 6.4. 
 
At harvest, ECMs were fully developed (i.e. mantle and Hartig net present) from 
all collections, except for S. cepa (T6) in S1. However, the ability to form ECMs 
varied considerably between spore collections, even in the same soil. The majority of 
fungal  collections  colonized  6-50%  of  short  roots  in  each  soil.  Collections  from 
under blue gum (E. globulus) plantations in Australia (T1-T3) were generally more 
aggressive in colonizing roots in comparison with those from China (T4-T6). The 
Australian  collections  produced  26-75%  of  short  roots  in  two  soils  (S2  and  S5), Chapter 6 
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whilst  collections  from  China  colonized  0-50%  of  feeder  roots  in  all  soils.  One 
Australian  collection  (T3,  S.  meridionale)  was  more  aggressive  in  colonization 
ability than other collections. S. polyrhizum (T5) colonized a larger proportion of 
short roots than the other two Chinese collections in the same soil. S. cepa (T6) failed 
to colonize roots in the granitic soil (S1) and only colonized 6-25% of short roots in 
the other media.   
A  relative  larger  proportion  of  short  roots  colonized  by  Scleroderma  were 
observed on treatments grown in potting mix and S2, in which the nutrient levels of 
organic  carbon  and  exchangeable  K  were  higher  than  those  in  other  soils, 
respectively. Although there was a limited number of data points (5), percentage of 
ECM  roots  (M%)  was  positively  correlated  with  soil  organic  matter  (OM) 
(M%=–0.92+21.63OM,  R
2=0.89)  and  extractable  P  (EP)  (M%=21.58+2.62EP, 
R
2=0.64). 
 
6.3.1.2 Colonization by contaminating symbionts in soil 
Four indigenous ECM morphotypes were recognized: ECM I - Laccaria ECM 
(long white tips; basidiomes present); ECM II - Pisolithus-like (monopodial pinnate 
yellow  tips);  ECM  III  –  unknown  genus  (short  clubbed  black  tips);  ECM  IV  – 
unknown genus (short brown to dark brown tips) (Figure 6.4 c-f). Basidiomes of a 
Laccaria species were present in some treatments of S3 (Figure 6.6). Soils usually 
contained one type of ECM formed by an indigenous symbiont (Type I in S3, Type 
II  in  S4,  Type  III  in  S2  and  Type  IV  in  S1),  but  two  ECM  morphotypes  were 
observed on seedlings of two treatments (T5 in S1 and T2 in S2) as shown in Table 
6.5. The ECM infection by contaminating species was less than 10% of short roots in 
inoculated seedlings (Figure 6.5). In each soil, contaminating species colonized a Chapter 6 
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relatively larger proportion of short roots in seedlings of uninoculated controls in 
non-sterile soil (T7) than those of inoculated treatments with Scleroderma spores. 
This result demonstrates a capacity by the inoculant Scleroderma to out-compete any 
indigenous ECM fungi in the nursery. Pisolithus-like ECMs were also present on a 
few seedlings grown in autoclaved doleritic soil. This contaminant may have been 
introduced into the nursery in the non-autoclaved soil or have been dispersed by air 
into the nursery.   
 
c c
 
 
Examination for the presence of endomycorrhizas on roots showed that seedlings 
grown in three field soils formed AMs with mean colonization of ca. 10% of fine 
roots (Table 6.5; Figure 6.5). There were only slight differences in infection rates 
between inoculated and uninoculated treatments in each soil. Dual colonization of 
both ECMs and AMs were evident in a number of seedlings. 
 
Figure  6.6.    An  indigenous  Laccaria  species 
colonized roots of Eucalyptus urophylla seedlings 
grown in field soil S3. a. Basidiomes of Laccaria 
in  pots;  b.  Basidiomes  collected  from  pots;  c. 
Typical  Laccaria  ectomycorrhizal  roots  (arrows) 
on the soil surface of pots (Bar=1.0 cm). Chapter 6 
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6.3.2 Plant growth promotion 
There were significant differences in shoot height, shoot dry weight, root dry 
weight  or  total  dry  weight  of  4-month  old  nursery-grown  seedlings between  soil 
types (Table 6.4; Figure 6.7). At the time of harvest, the mean shoot height and mean 
total dry weight of seedlings raised in the potting mix increased by 95 to 220%, and 
110 to 420%, respectively, compared to those in field soils (Figure 6.8). This mix 
was better in developing root systems of seedlings than any of the field soils. For 
plants grown in soil, the largest were in the lateritic soil (S2) and the smallest were in 
the granitic soil (S1) or red soil (S3). 
 
S1
S2
S3
S4
S5
T1       T2          T3       T4          T5        T6       T7  T8
S1
S2
S3
S4
S5
S1
S2
S3
S4
S5
T1       T2          T3       T4          T5        T6       T7  T8
 
 
Figure 6.7.    Four-month old Eucalyptus urophylla seedlings grown in 4 field soils (S1 to S4) or a 
potting mix S5 (rear row). From left to right in each row, seedlings were from inoculation treatments 
(T1 to T8). Note the large seedlings in S5 and the smaller seedlings in T7 and T8. Chapter 6 
Murdoch University 2006  - 144 - 
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Figure 6.8.    Effects of inoculation with Scleroderma spores (filled bars) compared to uninoculated 
treatments (open bars) on the growth of nursery-grown Eucalyptus urophylla seedlings. Plants were 
grown in four types of field soil (S1-S4) or a container mix (S5). Bars are the means with standard 
errors of 48 (inoculation) or 16 replicates (uninoculation). For each variable, bars indexed by the same 
letter are not significantly different at P≤0.05 by Duncan’s Multiple Range Test. 
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Results from the two-way ANOVA showed that there were significant effects of 
fungal inoculation on shoot height, root dry weight and total dry weight (but not on 
shoot dry weight) of seedlings at 4 months (Table 6.4). In each rooting medium, there 
were significant differences between inoculation treatments on shoot height (except 
S1) and total biomass (except S3) (Figure 6.9). Addition of Scleroderma spores to 
non-sterile soil generally enhanced the growth of seedlings in all 5 rooting media. 
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Figure 6.9.    Effects of inoculation with Scleroderma spores collected from Western Australia (T1 to 
T3,  red  bars)  or  south  China  (T4  to  T6,  yellow  bars)  compared  to  uninoculated  treatments 
(T7-not-sterile,  open  bars;  T8–autoclaved,  blue  bars)  on  the  growth  of  nursery-grown  Eucalyptus 
urophylla seedlings. Plants were grown in four types of field soil (Soil 1-4) or a container mix (Soil 5). 
Bars are the means with standard errors of 8 replicates. For each variable, bars in each soil type with 
the same letter are not significantly different at P≤0.05 by Duncan’s Multiple Range Test. 
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Inoculated seedlings were larger (22-55% in shoot height, 25-41% in total biomass) 
than uninoculated plants with ectomycorrhizal dependency ranging from 23% in the 
potting mix to 41% in the lateritic loam. 
 
6.3.3 Contribution to the acquisition of nutrients 
  The content of macro-nutrients (total N, P and K) in plants varied according to 
rooting media and fungal collections (Figure 6.10). Seedlings grown in the potting 
mix accumulated the most nutrients and S2 plants had a higher nutrient load than the 
other three soils, reflecting the relative accumulation of biomass. Except for N in S3 
and K in S1 and S3, nutrient contents of total N, P and K in plants were significantly 
different in each soil. It was a general trend that plants inoculated with Scleroderma 
spores accumulated more nutrients, with increments up to 120% (N), 180% (P) and 
69%  (K),  when  compared  with  non-inoculated  seedlings.  Plants  inoculated  with 
Australian Scleroderma (T1 to T3) generally had higher contents of N, P and K than 
those inoculated with Chinese collections (T4 to T6) in soil, while in the potting mix 
two local collections were equally effective in promoting nutrient uptake. 
 
6.4 Discussion 
 
6.4.1 Effects of rooting medium on mycorrhization from Scleroderma spores 
This nursery experiment showed that rooting media greatly affected Scleroderma 
colonization of E. urophylla roots from spore inoculum. The potting mix used in this 
trial was more conducive to development of Scleroderma ECMs than field soil. A 
similar potting mix consisting of low-cost substrates including perlite, peat and sand, 
has been used previously to induce Scleroderma-mycorrhizal seedlings of eucalypts   Chapter 6 
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Figure 6.10.    Effects of inoculation with Scleroderma spores collected from Western Australia (T1 to 
T3,  red  bars)  or  south  China  (T4  to  T6,  yellow  bars)  compared  to  uninoculated  treatments 
(T7-not-sterile, open bars; T8–autoclaved, blue bars) on acquisition of N (upper), P (central) and K 
(lower) in nursery-grown Eucalyptus urophylla seedlings. Plants were grown in four types of field soil 
(S1-S4) or a container mix (S5). For each variable, bars in each soil type with the same letter are not 
significantly different at P≤0.05 by Duncan’s Multiple Range Test. 
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(Chapters  4  &  5).  Of  the  four  field  soils,  the  lateritic  loam  was  superior  for 
mycorrhizal  development.  It  is  not  known  whether  variation  in  colonization  by 
Scleroderma collections was due to biotic and/or abiotic soil factors nor whether the 
differences resulted from effects on spore germination or subsequent mycelia-root 
interactions. Although the nutrient levels in all rooting media used for this trial were 
low, there was a positive correlation between ECM colonization and soil organic C 
and phosphorus. Given  these trends, it would be useful to investigate  underlying 
mechanisms using more extensive soil sampling in eucalypt plantations across south 
China. 
Components of soil fertility can markedly affect ECM formation. For example, 
high soil phosphorus (25 mg P kg
-1 soil) can adversely affect colonization (Bougher 
et  al.,  1990;  Chen  et  al.,  2000a;  Mason  et  al.,  2000;  Pampolina  et  al.,  2002). 
Furthermore,  Mason  et  al.  (2000)  observed  a  positive  correlation  between 
colonization and N concentration in soil under P-limiting conditions. Soil acidity can 
affect ECM development and therefore alter the effectiveness of inoculation on plant 
growth, to a degree dependent on the tree species and the fungus involved (Lehto, 
1994; Aggangan et al., 1996a). In addition, the water holding capacity and texture of 
the rooting media may alter the development of root systems and therefore influence 
the colonization of introduced symbionts. Some ECM fungi, including early-stage 
colonizers are known to prefer soil low in organic matter. It has been reported that 
Pisolithus performed poorly in bark-based media (Martin et al., 2003). Brundrett et 
al. (2005) also showed that a vermiculite-based potting mix was better in inducing 
colonization of ECM fungi than bark-based media. However, the addition of organic 
matter to sand increased the biomass of Rhizopogon rhizomorphs (Wallander and 
Pallon,  2005).  In  the  present  experiment,  root  colonization  by  Scleroderma  was Chapter 6 
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positively  correlated  with  soil  organic  matter.  These  results  demonstrate  the 
importance of rooting media being optimized for the growth of eucalypts and the 
development of ECM fungi. 
 
6.4.2 Ability of Scleroderma spore  collections to form mycorrhizal associations 
under nursery conditions 
Except for one collection in a field soil, ectomycorrhizal associations were fully 
developed on roots of E. urophylla from all collections of Scleroderma four months 
after inoculation. Some collections of Scleroderma were vigorous colonizers on E. 
urophylla roots. Furthermore, Scleroderma out-competed indigenous symbionts in 
field soils and dominated root tips. These results confirm the ability of Scleroderma 
spores to readily form ECMs on roots of eucalypts under nursery conditions and 
therefore  compatible  collections  from  this  genus  have  potential  for  inoculating 
eucalypt nurseries in China (Chapter 2). It is notable that, in this nursery trial, the 
average success rate of inoculation with Scleroderma spores was generally higher 
than that obtained from previous nursery inoculation trials, where a large number of 
ECM resources (spores and mycelial inocula) were used (Brundrett et al., 2005). 
 
6.4.3 Effects of rooting medium and inoculation on the growth of host 
Both  rooting  medium  and  inoculation  influenced  the  growth  of  eucalypt 
seedlings in this nursery trial. Plants grown in the potting mix were 1 to 3 fold larger 
in dry weight of those grown in field soils. The level of macro-nutrient in this mix 
may  have  contributed  to  the  plant  growth  promotion  since  it  contained  higher 
amounts of organic matter, extractable P and total and exchangeable K than the field 
soils. The lateritic loam was superior for growth of seedlings, while plants grown in Chapter 6 
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the granitic loam or the red soil were extremely poor. Nutrient deficiency symptoms 
(Dell et al., 2001), including nitrogen and phosphorus deficiencies, were identified 
during the course of this trial. A low rate of encapsulated slow-release fertilizer was 
added to pots to prevent severe nutrient disorders. The Bray-I P levels in the field 
soils  were  in  the  range  considered  to  be  deficient  for  nursery-grown  eucalypts 
(Bougher et al., 1990; Pampolina et al., 2002). Hence, seedling growth responded to 
the addition of P, but as mentioned earlier, this reduced colonization by Scleroderma. 
As  in  plantations  (Mendham  et  al.,  2003),  soil  organic  matter  is  important  in 
providing mineral N to eucalypts grown in soil in containers. Nitrogen deficiency 
was  not  observed  in  seedlings  grown  in  the  potting  mix  which  had  the  highest 
organic C content. 
Apart  from  the  low  level  of  some  nutrients,  other  soil  properties may  affect 
seedling growth. Aggangan et al. (1996a) found that increasing soil pH from 4.6 to 
6.6  significantly  decreased  the  dry  weight  and  shoot  nutrient  content  of  both 
uninoculated and inoculated seedlings of E. urophylla, while ECM formation was not 
significantly affected within the pH regime tested. Inoculated seedlings were larger 
than  controls  at  both  low  and  high  soil  pH  levels.  Inoculation  with  Scleroderma 
spores  substantially  enhanced  below  and  above-ground  biomass  of  E.  urophylla 
seedlings and macro-nutrient acquisition compared with uninoculated control plants. 
Root systems of mycorrhizal seedlings were better developed than non-mycorrhizal 
plants. This consequently resulted in a high accumulation of biomass. In general, the 
acquisition of macro-nutrients in plants reflected the relative accumulation of total 
biomass.  These  results  are  consistent  with  those  achieved  under  glasshouse 
conditions with species in this fungal genus when a rate of 10
6-10
8 spores seedling
-1 
was used (Chapter 4). Chinese collections were superior in enhancing shoot growth Chapter 6 
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and total biomass in the lateritic loam, whilst two Australian collections were better 
in the potting mix. There were no significant differences between Australian and 
Chinese collections in their ability to promote plant growth or nutrient acquisition in 
the soil media, although Scleroderma from Australia colonized more short roots on 
seedlings overall than collections from China. 
 
6.4.4 Eucalypt-compatible ECM fungi in China soils 
Four  morphotypes  of  contaminating  ectomycorrhizas  were  observed  on  root 
systems  in  some  soil  treatments.  Dual  colonization  by  ECM  and  AM  fungi  was 
present in some roots where soil was not sterile. These results support that eucalypts 
predominantly form ECMs, but also have AM associations (Lapeyrie and Chilvers, 
1985; Gardner and Malajczuk, 1988; Brundrett et al., 1996; Chen et al., 2000a). A 
previous  study  identified  a  few  atypical  mycorrhizal  associations  formed  by 
opportunistic  fungi  on  eucalypts  in  inoculation  trials  in  two  Chinese  nurseries 
(Brundrett  et  al.,  2005).  ECM  associations  of  contaminating  species  in  our 
experiment were typical morphotypes of ECM, including Laccaria, Pisolithus-like 
and  two  unknown  genera,  which  had  similar  anatomic  characters  to  those 
synthesized  in  field  or  glasshouse  bioassay  experiments  (Chapter  2).  These 
contaminations were most likely present in non-pasteurized field soil since they were 
seldom  present  in  autoclaved  soil.  Sources  of  inoculum  for  contaminating  fungi 
should be investigated, since it may be possible to reduce or eliminated them by 
changes  to  nursery  management  practices.  The  low  levels  of  colonization  by 
indigenous  species  in  field  soil  suggests  a  low  diversity  of  compatible  fungal 
symbionts in south China, or that very few symbionts were able to colonize eucalypts 
under  the  nursery  conditions.  Field  observations  (Chapter  2)  support  the  former Chapter 6 
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conclusion (Chen et al., 2000b; Dell et al., 2002). Eucalypt seedlings as a bait host 
grown in non-pasteurized field soil showed that the inoculation potential of infective 
propagules of mycorrhizal fungi within the soil profile was poor, especially when 
compared with soils from native area of eucalypts, such as Western Australia (Chen 
et al., 1999). This work confirmed the result of inoculum potential in soil obtained 
from the bioassay measurement in Chapter 2. 
Ectomycorrhizal associations of the 5 Scleroderma inocula were confirmed on 
all  inoculated  treatments.  Although  fungal  collections  from  under  eucalypt 
plantations in Australia generally colonized a higher proportion of short roots than 
collections from under eucalypt plantations in south China, there was no apparent 
host specificity in the fungi used. These results are consistent with previous reports 
on  the  wide  distribution  of  species  in  this  genus.  Some  beneficial  isolates  can 
vigorously compete with other ectomycorrhizal fungi in the field (Garbaye et al., 
1988;  Thomson  et  al.,  1996;  Jeffries,  1999;  Martin  et  al.,  2003).  However, 
Scleroderma collected from pine forests in south China were less compatible with 
eucalypts than collections from under eucalypt plantations (Chapter 5). Hence, we 
recommend that Scleroderma spores be sourced where possible from under eucalypts. 
Although there was no apparent advantage to targeting Australian fungi for specific 
sites  in  China  by  climate  matching  (Brundrett  et  al.,  2005),  fungi  from  more 
compatible habitats may well be at a greater advantage in the field than in the nursery. 
However, introduced ECM fungal species that can invade natural ecosystems should 
be  excluded  from  inoculation  programs  because  of  likely  competition  effects 
reducing the diversity of indigenous organisms, such as fungi and bacteria. So far, no 
studies have been undertaken in China on interactions of this type. However, two 
European ECM fungi, Chalciporus piperatus and Amanita muscaria, have become Chapter 6 
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associated with Nothofagus in primary forests in eastern Australia, where they may 
become an ecological threat by replacing native fungi (Fuhrer, 2005). 
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CHAPTER 7 
 
General discussion 
 
 
The diversity of ECM  fungi  fruiting beneath Eucalyptus plantations  in  south 
China was substantially lower (Chapters 2 & 3) than that recorded for blue gum (E. 
globulus) plantations in Western Australia (Bougher, 1995; Lu et al., 1999). Only a 
few species, mainly Scleroderma, were frequently observed in China (Chapter 3). 
Furthermore, eucalypt roots in plantations were largely non-mycorrhizal or weekly 
colonized, and inoculum potential in plantation soil was limited (Chapter 2). This is 
the first detailed study to examine the diversity of ECM fungi fruiting under eucalypt 
plantations in south China, embracing 4 provinces and covering most types of soil 
and climates in the region. However, it was not possible in this thesis to explore the 
below ground diversity of ECM fungi in eucalypt plantations using molecular tools, 
as done elsewhere by other workers (Zhou and Hogetsu, 2002; Sakakibara et al., 
2002), and this limits the findings of the current study. These findings to date suggest 
that very few indigenous symbionts are compatible with exotic eucalypt trees. It was 
concluded  that  inoculation  with  compatible  fungi  in  eucalypt  nurseries  may  be 
advantageous  in  the  production  of  high  quality  stock  for  outplanting  and  for 
performance of trees in the field. However, knowledge of which species to use and 
how spore inoculum should be managed is poor (Chapter 1). Therefore, this thesis 
has  emphasized  the  part  that  Scleroderma  could  play  in  the  future  for  industrial Chapter 7 
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hardword plantations in south China.   
Sporocarps  of  6  taxa  of  Scleroderma  were  found  to  fruit  under  eucalypt 
plantations in south China (Chapters 2 & 3). Phylogenetic analyses of LSU and ITS 
rDNA sequences indicated that some collections of this genus could be indigenous 
while one Chinese collection of S. polyrhizum showed closer relationship with an 
Australian S. meridionale. However, whether these fungi are native with a broad host 
range or they were introduced with eucalypts from Australia in the past needs further 
exploration.   
One of the major findings of this study was that Scleroderma showed low host 
specificity at the genus level (Chapter 5). However, there were some differences in 
host preference between collections from diverse host origins and geographic regions. 
For example, the Chinese Scleroderma from under pine was generally less effective 
in forming ECMs and promoting growth of eucalypts than with pines (Chapter 5). 
Further, Australian collections were more competent in colonizing roots of eucalypts 
than Scleroderma from China (Chapters 4, 5 & 6).   
Previous field studies showed that inoculation with Scleroderma spores from 
Australia increased the production of eucalypts in plantations by up to 26% in south 
China  (Chen  et  al.,  2000c;  Xu  et  al.,  2001).  Therefore,  it  is  recommended  that 
Scleroderma be sourced from outside China to inoculate eucalypts until the time 
basidiomes  are  sufficiently  abundant  in  eucalypt  plantations  to  enable  the  local 
collection of spores. Existing spores of Scleroderma in south China can be used if 
introduction  of  suitable  resource  from  outside  is  not  feasible  due  to  certain 
circumstances, such as the unavailability of large amount of spores and quarantine 
restrictions on importation. 
The  nursery  trial  (Chapter  6)  explored  the  effects  of  rooting  medium  on Chapter 7 
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mycorrhization of Scleroderma spores and growth of seedlings. Field soils are being 
widely used in eucalypt nurseries across south China. Results suggest that the current 
practice of rooting cuttings on soil-based media in south China needs to be modified 
since  soils  collected  from  the  field  are  not  optimal  for  the  growth  of  eucalypt 
seedlings nor the development of mycorrhizas under nursery conditions. A low-cost 
potting  mix  consisting  of  peat,  vermiculate  and sand  was  superior  to  soil.  These 
components  have  better  internal  aeration  and  drainage.  Other  local  materials  that 
could  be  investigated  include  rice  husk  and  sugar  cane  residues.  Since  most 
collections  of  Scleroderma  successfully  formed  ECMs  on  eucalypt  roots  in 
non-pasteurized soils, it may not be necessary to pasteurize all soils or potting mixes 
in  south  China.  However,  this  needs  to  be  further  examined  as  the  chance  of 
introducing  soil-borne  pathogens,  such  as  bacterial  wilt,  is  a  risk  to  operations 
(Trappe,  1977;  Marx,  1991;  Dell  and  Xu,  2006).  Further  nursery  trials  should 
investigate  physiological  impacts  of  the  use  of  soil  on  the  development  of 
mycorrhizas and roots of seedlings using more extensive soil sampling in eucalypt 
plantations and nurseries across south China. 
As spore inoculum is preferable for application on an operational scale in south 
China at the present time, this thesis also examined optimal spore density and storage 
conditions of Scleroderma with key plantation species grown in China. Spores of 
Scleroderma  are  easily  produced  from  sporocarps  and  can  be  stored  at  low 
temperature (4 
0C) for a period without significant loss of effectiveness (Chapter 4). 
Spore orchards should be established with those collections of Scleroderma that have 
been proven to be good performers in the nursery and in the field. Air-dried spores 
from spore orchards can then economically be delivered to nurseries. Spores can be 
suspended  with  water  and  delivered  to  roots  by  watering  cans  or  through  the Chapter 7 
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irrigation  system,  as  is  the  case  in  the  United  States  with  Rhizopogon  spores 
(Castellano and Molina, 1989). The technology to produce spore inoculum and for 
inoculation is simple and of low cost. Therefore, there is no substantial change in 
routine operations and it is cost-efficient in terms of facilitating inoculation programs 
in most eucalypt nurseries in south China.   
Sporocarps of Pisolithus tinctorius were also abundant in some eucalypt stands 
in south China, such as the Leizhou Peninsula (Chapter 2). However, this fungus is 
believed to be unsuitable for inoculating exotic eucalypt plantations because of its 
poor ability to fully develop mycorrhizas on eucalypt roots (Chapter 2), as reported 
previously (Malajczuk et al., 1990; Lei et al., 1990; Dell et al., 2002). Spores of 
Laccaria spp. have been shown to be effective inoculum for containerized eucalypt 
seedlings (Lu et al., 1998; Chen et al., 2000a; Brundrett et al., 2005). The use of 
these fungi in eucalypt nurseries needs to be explored. Other suitable ECM fungi 
should be sourced to provide a larger diversity of inoculum before wider applications 
are performed. 
Exotic ECM fungi which can aggressively invade native forests and compete 
with indigenous organisms reducing their diversity (Chapter 6; Fuhrer, 2005) should 
be  excluded  from  inoculation  programs.  Host-specific  species  or  collections  are 
considered to be important for introduction. Future work should explore the capacity 
of Australian Scleroderma to recognize and colonize roots of indigenous ECM trees 
in south China. The main genera are Alnus, Betula, Carpinus, Castanopsis, Pinus and 
Quercus. 
Scleroderma  taxa  were  described  based  on  morphological  characters  of 
sporocarps  and  basidiospores.  This  is  the  first  time  this  has  been  done  for 
Scleroderma under eucalypt plantations in south China. Molecular analyses, though Chapter 7 
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incomplete, suggested that some Scleroderma taxa are either poorly defined or a 
species name (e.g. S.  cepa) has been used to  embrace a number of species. The 
results  also  indicated  possible  new  taxa  which  should  be  further  defined. 
Phylogenetic  analyses  using  rDNA  sequences  of  large  collections  should  be 
considered in the near future. 
Findings  from  this  study  should  assist  the  commercialization  of  spores  of 
Scleroderma for eucalypt plantations in south China. Hopefully, by using spores that 
are relatively easy to collect, store and apply, the percentage of mycorrhizal plants 
being  produced  for  reforestation  will  increase  quickly.  Some  follow-up  studies 
should  be  undertaken  to  evaluate  Scleroderma  spore  inoculum  under  nursery 
conditions  other  than  that  used  in  this  study,  such  as  in  polybags  and  raised 
containers. Finally, the persistence of inoculum in nurseries and in the field should be 
evaluated along with effects on tree performance. 
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APPENDIX II 
 
Use of spore inoculum of ECM fungi 
 
Table  A.1.    Applications  of  spore  inoculum  of  ECM  fungi  from  the  literature.  Percentage  of 
mycorrhizal seedlings (%MS), spore density and storage are present. 
 
Fungus  Density  %MS 
1  Storage 
2  Ref. 
3 
Amanita, Cortinarius, Descolea, 
Laccaria, Pisolithus, Russula and 
Scleroderma etc. 45 collections 
10
6-10
7 
10% 
(average) 
6 
0C for 6 months  viii 
Amanita, Descolea, Laccaria, Pisolithus 
and Scleroderma etc. 29 collections 
Approx. 10
7 
49 
(average) 
RT till use  xvii 
Hydnangium, Hysterangium, Laccaria, 
Pisolithus and Scleroderma 
10
6  25-40 (F)  RT for 2 months  x 
Laccaria lateritia  10
6  80  RT till use  ix 
Laccaria lateritia  NR  nr (F)  RT till use  xii 
Lactarius chromospermus  10 mg l
-1 substrate  0  RT for 3 weeks  iv 
Lactarius deliciosus  10
4  55-93  -15 
0C for10 months  xiii 
Melanogaster ambiguus  10
3-10
7  0-87  RT till use  v 
Melanogaster ambiguus  10
3-10
7  0-100  RT till use  xi 
Melanogaster, Pisolithus, Rhizopogon 
and Scleroderma etc.5 collections 
10
6-10
7 
40 
(average) 
RT till use  vii 
Pisolithus  10 mg l
-1 substrate  0-63  RT for 3 weeks  iv 
Pisolithus albus  nr  nr (F)  RT till use  xii 
Pisolithus tictorius  10
3-10
8  64-100 
RT till use   
(also vermiculite) 
xi 
Pisolithus timctorius  10
7 / 800 cm
3 soil  50  nr  i 
Pisolithus timctorius  10
4 / cm
3 soil  10-15  RT till use  iii 
Pisolithus timctorius  coated seeds  10-34  RT till use (coated)  iii 
Pisolithus timctorius  10
4 per cm
3 soil  18-28  RT till use  iii 
Pisolithus tinctorius  275 cfn 
4  40-75  RT till use  ixv 
Pisolithus tinctorius  nr  18-38 (F)  RT till use  vi 
Pisolithus tinctorius  10
9  <40  -15 
0C for 10 months  xiii Appendices 
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Table A.1.    (continued) 
 
Fungus  Density  %MS 
1  Storage 
2  Ref. 
3 
Rhizopogon, Scleroderma  10
6-10
7  39-90  RT for 4 month  xv 
Rhizopogon colossus  10
3-10
6  54  2 
0C for 7 months  ii 
Rhizopogon luteolus  10
3-10
8  45-100  RT till use  xi 
Rhizopogon luteolus  10
6-10
7  80  RT for 4 months  xv 
Rhizopogon roseolus  10
4-10
7  90-100  RT till use  v 
Rhizopogon roseolus  10
3-10
8  80-100  RT till use  xi 
Rhizopogon roseolus  10
5  30-80  -15 
0C for 6-10 months  xiii 
Rhizopogon roseolus  10
5-10
6  (30)  RT till use  xvi 
Rhizopogon subareolatus  10
2-10
7  43-100  RT till use  v 
Rhizopogon vinicolor  10
3-10
6  88  2 
0C for 7 months  ii 
Scleroderma cepa  Approx. 10
7  nr (F)  RT till use  xii 
Scleroderma citrinum  10
3-10
7  34-85  RT till use  v 
Scleroderma citrinum  10
5-10
6  (30)  nr  xvi 
Scleroderma verrucosum  10
3-10
8  86-100  RT till use (also vermiculite)  xi 
Suillus  10
4  40-60  -15 
0C for 6-10 months  xiii 
Suillus granulatus 
10 mg l
-1 
substrate 
0  RT for 3 weeks  iv 
Tuber maculatum  10
2-10
4  50-88  RT till use  v 
 
1 %MS, percentages of mycorrhizal seedlings, except for numbers in brackets (percentages of shoot 
roots colonized); Data were obtained for containerized-grown seedlings, or for field trials (F) where 
indicated; nr, not reported. 
2 Spores were stored in suspension, or otherwise specified. 
3 References (by publication year): i. Marx, 1976; ii. Castellano et al., 1985; iii. Marx et al., 1989; iv. 
Munyanziza and Kuyper, 1995; v. Parladé et al., 1996; vi. Marx et al., 1997; vii. Parladé et al., 1997; 
viii. Lu et al. 1998; ix. Chen et al., 2000a; x. Chen et al., 2000c; xi. Rincόn et al., 2001; xii. Xu et al. 
2001; xiii. González-Ochoa et al., 2003; ixv. Martin et al. 2003; xv. Duñabeitia et al., 2004; xvi. 
Ortega et al., 2004; xvii. Brundrett et al., 2005. 
4 cnf, colony forming unit. 
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APPENDIX III 
 
Histology methodology for mycorrhizal examination 
 
III.1 Clearing and staining roots for examination of ECMs under light microscopy 
1)  Wash roots free of soil and fixed in 50% ethanol. 
2)  Rinse 3 times in deionized (DI) water. 
3)  Clear in either 10% KOH by autoclaving for 20 min. 
4)  Rinse 3 times in DI water. 
5)  Acidify in 2% HCl for 2 min. 
6)  Stain in for 0.05% Trypan blue in lactoglycerol over night. 
7)  De-stain in 50% glycerin for approx. 24 h. 
8)  Mount roots on slides in 50% glycerin and examined with Olympus T2 Compound 
Microscope. 
 
III.2 Fixing and embedding ECM roots for light microscopy 
1)  Prepare 3% glutaraldehyde in 0.025M phosphate buffer and adjust pH to 7.0 (fume 
cupboard). 
2)  Fix specimens in the prepared glutaraldehyde overnight at 4 
0C. 
3)  Wash in 4 changes of buffer (0.025M phosphate buffer) 
4)  Postfix in 1% Osmium tetroxide in 0.025M phosphate buffer pH 7.0 for 2 h at room 
temperature (fume cupboard) 
5)  Wash in several changes of buffer 
6)  Dehydrate specimens through 30%, 50%, 70% and 90% acetone. Two changes of each 
solution for 15 min each. Transfer to 100% acetone with two changes for 15 min each. 
7)  Infiltrate with 5%, 10%, 20%, 40%, 80% Spurr’s resin in acetone, 4 h each. 
8)  Transfer to 100% Spurr’s resin for 2 h. 
9)  Transfer to 100% Spurr’s resin for 6 h. 
10)  Note Step 3-8 were carried out on a rotator at room temperature. 
11)  Embed specimens in fresh Spurr’s resin at 60 
0C for 24 h then remove from oven. 
12)  Section root specimens at 1-2µm using a glass knife to which a water bath had been 
attached. 
13)  Remove sections and place into a drop of water on a glass slide. 
14)  Place slide onto a hotplate and dry at 60 
0C. 
15)  Remove from heat and stain for 5 min at room temperature with a mixture of 1% axur II, 
1% methylene blue in 1% sodium tetraborate. 
16)  Rinse sections in water and allow to dry before adding a coverslip. 
17)  Examine slides with Olympus T2 Compound Microscope. 
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III.3 Preparation of ECM roots for scanning electron microscopy 
1)  Fix ECM tips in 3% glutaraldehyde in 0.025M phosphate buffer at pH 7.0, overnight at 4 
0C 
2)  Wash in 4 changes of buffer (0.025M phosphate buffer) 
3)  Postfix in 1% Osmium tetroxide in 0.025M phosphate buffer pH 7.0 for 2 h at room 
temperature (fume cupboard) 
4)  Wash in several changes of buffer 
5)  Dehydrate specimens through 30%, 50%, 70% and 90% ethanol. Two changes of each 
solution for 15 min each.   
6)  Transfer to 100% acetone with two changes for 15 min each. 
7)  Remove the 90% ethanol and replace with 100% ethanol. Two changes for 15 min each. 
8)  Replace the 100% ethanol with Amyl Acetate. Two changes, 15 min each (fume cupboard). 
9)  Critical point dry tissue. 
10)  Attach tissue to SEM specimen holder (Stub) with carbon paste. 
11)  Sputter coat with gold. 
12)  Examine ECM with a Philips XL20 Scanning Electron Microscopy. 
 
III.4 References consulted for histological examination 
 
Brundrett M, Bougher N, Dell B, Grove T, Malajczuk N. 1996. Working With Mycorrhizas in 
Forestry and Agriculture. ACIAR Monograph 32. 
Norris JR, Read DJ, Varma AK. 1991. Methods in Microbiology. Vol. 23. Academic Press Ltd., 
London. 
Peterson RL, Massicotte HB, Melville  LH. 2004. Mycorrrhizas: Anatomy and Cell Biology. 
NRC Research Press, Ottawa. CABI Publishing. 
Ruzin SE. 1999. Plant Microtechnique and Microscopy. Oxford University Press. New York, 
Oxford. 
Spurr AR. 1969. A low viscosity epoxy resin embedding medium for electron microscopy. J. 
Ultrastructure Res. 26: 31. 
Venable JH, Coggshall R. 1965. A simplified lead citrate stain for use in electron microscopy. J. 
Cell Biol. 25: 407. Appendices 
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APPENDIX IV 
 
Example of a data recording sheet for field collecting of Scleroderma 
 
 
 
Figure A.1.    Example data sheet for field collecting of Scleroderma. 
 Appendices 
Murdoch University 2006  - 166 - 
 
APPENDIX V 
 
Growth characters of Scleroderma mycelia in pure culture 
 
Cultures of a number of Scleroderma isolates were obtained from sporocarps collected mainly 
beneath eucalypt plantations in south China and Western Australia in this study. The average success 
isolation rate was 85%, i.e. 40 isolates out of 47 attempted. Culture characteristics, including colony 
colour, texture, form, staining of agar and growth rate, were recorded after 28-day growth on PDA 
medium (Table A.2). Based on the variation of these parameters, Scleroderma isolates were grouped 
into 6 colony types at a similarity index of 50%. Images of each culture types are provided (Figure 
A.4). 
 
Table A.2.    Culture characteristics of Scleroderma mycelia grown on PDA medium. 
 
Characters  I  II  III  IV  V  VI 
Colony colour  white 
white to 
ochre 
white  white  ochre 
white to 
fawn 
Colony texture  smooth 
velvety or 
cottony 
smooth 
flocculose 
or cottony 
smooth 
velvety or 
cottony 
Inner colony form  appressed  appressed  appressed  aerial  appressed  appressed 
Outer colony form  aerial  aerial  appressed  aerial  submerged  aerial 
Colony margin  fringed  fringed  even  fringed  even 
even to 
fringed 
Staining of agar  heavy  heavy 
slight or 
unstained 
medium  slight  heavy 
Growth 
(mm day
-1) 
2  2-4  1-1.5  2.5  0.5-1.5  0.5-1 
Density   
(mg FW mm
-2) 
3-4.5  2.5  4-5  <1.5  2.5  3.5-4.5 
 
 Appendices 
Murdoch University 2006  - 167 - 
 
   
 
Figure  A.2.    Mycelia  of  Scleroderma  isolates  grown  on  PDA  medium.  Six  culture  types  were 
recognized. a. Type I; b-c. Type II (plate b showing ochre mycelia when older); d-e. Type III (plate d 
showing slight staining of agar); f. Type IV; g. Type V; and h. Type VI. Some characteristics are given 
in Table A.1. 
a 
b 
c 
d 
e 
f 
g 
h Appendices 
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APPENDIX VI 
 
Molecular protocols used for Scleroderma rDNA sequencing 
 
VI.1 Protocols used for Scleroderma DNA analysis 
 
VI.1.1 DNA Extraction (Ultraclean ® 15 DNA Extraction Kit): 
1)  Approximately 50 mg of spores were taken of fresh or dried un-open sporocarps of 
Scleroderma specimens. Spores were kept in a 1.5 ml tubes with CTAB. 
2)  Grind spores (or mycelia) with a glass rod (liquid N2 was used to help break up the cells). 
3)  Add 200 µl of extraction buffer and mix with glass rod (use CTAB if spores were kept in 
CTAB). 
4)  Place samples at 65 
0C for 1 h. 
5)  Centrifuge tubes for 30 min at 13 000 g (maximum speed using Beckman Coulter 
Microfuge® 18 Centrifuge). 
6)  Transfer 200µl of supernatant into new eppendorf tubes (1.5 ml) containing 5µl of 
Ultrabine® (Glassmilk) and 600 µl of Ultrasalt® (MO BIO Laboratories, California, USA). 
7)  Vortex samples and leave for 15 min. 
8)  Centrifuge tubes for 10 s at 13 000 g. 
9)  Use vacuum line to remove supernatant. 
10)  Wash the pellet with 600µlof Ultrawash®, dislodge pellet using a pipette. 
11)  Centrifuge tubes for 10 s at 13 000 g. 
12)  Use vacuum line to remove supernatant. 
13)  Wash the pellet with 200 µl of Ultrawash® (MO BIO Laboratories, California, USA). 
14)  Centrifuge tubes for 10 s at 13 000 g. 
15)  Use vacuum line to remove supernatant. 
16)  Allow pellet to dry. 
17)  Add 50 µl of Ultrapure® PCR grade water. 
18)  Vortex samples and leave for 15 min. 
19)  Centrifuge tubes for 1 min at 13 000 g. 
20)  Transfer supernatant to a new Eppendorf tube (500 µl) of water and 1 Unit of RNA’se 
(Promega, Wisconsin, USA). 
21)  Leave overnight on bench to allow the RNA to be digester. 
22)  Run 5 µl on a 1% agarose gel using the 1 λ DNA marker as the reference   
23)  Stain gel with ethidium bromide (EB) and visualise using UV light. 
24)  Estimate DNA concentration by comparing it to the brightest band of theλ DNA marker 
which is approximately 100 ng of DNA. 
25)  Dilute DNA to 1-5 ng µl
-1. Appendices 
Murdoch University 2006  - 169 - 
VI.1.2 PCR Amplification 
1)  Label 0.2 ml PCR tubes and put on ice. 
2)  Make up PCR master mix primer pairs: ITS-1/ITS-4 or LR0R/LR7. 
3)  Place a 1.5 µl drop of DNA on side of the tube. 
4)  Add 23.5 µl of the master mix to each tube (20 µl of total reaction). 
5)  Run PCR under following thermal cycling conditions using: 
6)  Run 5µl of amplification products on a 1% agarose gel using 2 µl of xylene cylanol as a 
loading buffer and 5 µl of the 1 kb marker to assess product size and intensity. 
7)  Each reaction contained: 15.4 µl of Ultrapure PCR grade water, 5 µl of buffer, 2 µl of Mg
2+, 
0.5 µl of each primer and 0.5 U of Tag polymerase (Biotech International). 
8)  Thermal cycling conditions for ITS amplification: 94 
0C for two min (initial denaturation), 
then 35 cycles of 94 
0C for 30 s (denaturation), 55 
0C for 45 s (primer annealing) and 72 
0C 
for 1 min (elongation) and 72 
0C for 5 min (extension). Thermal cycling conditions for LSU 
amplification using long cycle, i.e. 94 
0C for two min (initial denaturation), then 10 cycles of 
94 
0C for 30 s, 50 
0C for 1 min and 30 s and 72 
0C for 1 min and 30 s, followed by 30 cycles 
of 94 
0C for 30 s, 52 
0C for 1 min and 72 
0C for 1 min, and 72 
0C for 5 min. 
VI.1.3 Purification of PCR products 
1)  Flick tubes to mix PCR products. 
2)  Add 3 µl of Ultrabind® and 60 µl of Ultrasalt® to each tube. 
3)  Leave samples of bench for 5 min. 
4)  Centrifuge tubes for 10 s at 13 000 g. 
5)  Use vacuum line to remove supernatant. 
6)  Wash the pellet with 150 µl of Ultrawash®, dislodge pellet using a pipette. 
7)  Centrifuge tubes for 10 s at 13 000 g. 
8)  Use vacuum line to remove supernatant. 
9)  Allow pellet to dry. 
10)  Add 20 µl of Ultrapure® PCR grade water. 
11)  Flick tubes and centrifuge tubes for 1 min at 13 000 g. 
12)  Transfer supernatant to a new 0.2 ml PCR tube read for sequencing reaction. 
13)  Run 5 µl of amplification products on a 1% agarose gel using 2 µl of xylene cylanol as a 
loading buffer and 5 µl of the 1 kb marker to assess product size and intensity. 
VI.1.4 DNA sequencing 
1)  Label 0.2 ml PCR tubes for sequencing. 
2)  Make  up  sequencing  reaction  master  mix.  Using  one  primer  each  reaction:  either  LR0R 
(forward primer) or LR5 (reverse primer) for ITS. 
3)  Place a 1.5 µl drop of purified DNA from PCR on side of the tube. Appendices 
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4)  Add 8.5 µl of the master mix to each tube (10 µl of total reaction). 
5)  Run PCR under following thermal cycling conditions: 
VI.1.5 Cycle-sequencing reaction clean-up (Sephadex G-50 column protocol): 
1)  Place the Erlenmeyer flask with cold G-50 solution on a stir plate to keep the solution from 
settling. 
2)  Make sure Centri-Sep collection tube and column is clean and dry. 
3)  Pipet  650  µl  of  the  G-50  slurry  (stirring  on  stir  plate)  into  a  Centri-Sep  column.  Avoid 
bubbles by adding from the bottom of the column. 
4)  Spin  column/collection  tubes  for  2  min  at  750  g  (25  000  rpm  using  Beckman  Coulter 
Microfuge® 18 Centrifuge). 
5)  Remove the column from the collection tube and place in a prelabeled 1.5 ml Eppendox tube. 
6)  Add cycle-sequencing product to centre of G-50 resin. 
7)  Spin as before for 2 min at 750 g. 
8)  Remove the column from the tube. 
9)  Transfer all cycle-sequencing products from tube to new prelabeled 1.2 ml tubes. 
10)  Vacuum spin for up to 1 h and then submit for sequencing. 
 
VI.2 Location of some primers on rDNA 
 
 
 
Figure  A.3.    Structure  and  composition  of  nuclear  ribosomal  RNA  (rDNA).  Internal  transcribed 
spacer  (ITS),  intergenic  spacer  (IGS),  small  subunit  RNA  (SSR)  and  large  subunit  RNA  (LSU) 
(25-28S)  are  widely  sequenced  DNA  regions  in  fungi,  especially  ITS  region  (higher  degree  of 
variation).  Source:  Vilgalys  lab,  Duke  University,  http://www.biology.duke.edu/fungi/mycolab/ 
primers.htm (Cited on 5 January 2006). 
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Figure A.4.    Location of primers for amplification of ITS rDNA. Primers for routine sequencing are 
shown in bold. Primers ITS-1 and ITS-4 were used for PCR amplification and sequencing of ITS 
rDNA gene of Scleroderma in Chapter 3. Source: as Figure A.3. 
 
 
 
 
Figure  A.5.    Location  of  primers  for  amplification  of  LSU  rDNA  (25-28S).  Primers  for  routine 
sequencing are shown in bold. Primers LR0R, LR5 and LR7 were used for PCR amplification and 
sequencing of LSU rDNA of Scleroderma in Chapter 3. Source: as Figure A.3. Appendices 
Murdoch University 2006  - 172 - 
 
APPENDIX VII 
 
Alignment of ITS and LSU sequences of Scleroderma 
 
Table  A.3.    Alignment  of  ITS  region.  Collections  of  “CY”  codes  were  sequenced  in  this  study 
(Chapter 3). These  were compared  with 3 sequences of Scleroderma from GenBank (AB099900, 
AB099901 and AB211267). An ITS sequence of Pisolithus tinctorius (AF374719) was used as the 
outgroup. 
 
  10        20        30        40        50  60        70        80        90       100   
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCA-AAGGCCT  A-----------GGAGGTCCCCCG-------C---CTCCGAAGCTTCGAA  75 
AB099901  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAGAT-CGAACCT--  ---CTGGGAGGGGGAGGGCTTCCC-----GAACCCTTTCGAGGC-TTCAG  85 
AB211267  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAGAT-CGAACCT--  ---CTGGGAGGGGGAGGGCTTCCCC----GAACCCTTTCGAGGCCTTCAG  87 
AF374719  TCCGTAGGTG-AACCTGCGGGAAGGATCA-TTATCGAAATTCGAA-----  -----GGGGGGCGACGCGCTTCGC--------CCCCT--------TTTAC  72 
CY1042  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAGT-CGAACGCCA  GGAGGGAGAAGGGGAGCCCGTCGCTCCTCGGACCTCTCCGAAGC-TTCAA  95 
CY1043  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCA-AAGGC-T  A-----------GGAGGTCCCCCG-------C---CTCCGAAGCTTCGAA  74 
CY1045  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAAC-----TG---  ------------GAACGTCT---------------CTCGGGACGTTCGAA  62 
CY1046  TCCGTAGGTG-AACCTGCGG-AAGGATAT-CATTTCGAATCA-AAGGGTC  A-----------GGATGTCCCCT--------C---CTCCGAAGCTTCGAA  74 
CY1047  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCA-AAGGCCT  A-----------GGAGGTCCCCCG-------C---CTCCGAAGCTTCGAA  75 
CY2045  TCCGTAGGTGAACCTGCGGAAGGATCATTATCGAAAACGAAAGTCTAGGA  TGGGGAAAGGGGGG-----CGAGGACGGGACTT-------GCGTCCGCCT  88 
CY2047  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCGGAACGTCT  -----------------------------------CTCGGGACGTTCGAA  62 
CY2048  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACTGGAACGTCT  -----------------------------------CTCGGGACGTTCGAA  62 
CY2049  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCCGAACGTCC  G----AGAGGGGGAAACCCCCCCC-------C---TTCCGGGCTTTCGAA  83 
CY2054  TCCGTAGGTG-AAACTGAGG-AAGGAT-A-TTATCGAAACCG--AGGTCC  G----GGGAGGGGGAACCCCCC-------------TTCCGGGCTTTGGA-  76 
CY2056  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCGGAACGTCT  -----------------------------------CTCGGGACGTTCGAA  62 
CY2057  TCCGTAGGTG-AACCTGCGG-AAGGATCA-TTATCGAAACCGGAACGTCT  -----------------------------------CTCGGGACGTTCGAA  62 
CY2058  TCCGG-GGGG-AACCGGGGG-AGGGTTAA-TTT--GGAACGGGAA-GTTT  -----------------------------------TTTGGGAAGTTGGAA  58 
CY2060  TCCGTAGGTG-AACCTGCGG-AAGGATTA-TTATCGAAACGGGAACGTCT  -----------------------------------TTCGGGACGTTCGAA  62 
CY2063  TCCCCGAAAGTGGAACCCGCGGGAAGGATCAATTTTTGAGATGCGGACCT  T----CGGGGAGGGGGAGGGCTTCCC-----GAACCCTTTCGAGGC-TTC  90 
       
       
  110       120       130       140       150  160       170       180       190       200  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  CCCTTTG-ACACCGGTGTGCACCCGCCGT--AG-TCC-TTCGGGACCTAT  GTCTTCTCT-TTCGAACT-CGTATGTCTACAGAACGTAT----CGCGTCG  164 
AB099901  CCCTC-TAACACCTGTGTGCACCCGCTGT--AGGTCC-TTAGGGACCT--  --ATGTCTTCTTCGAACT-CGCATGTCTACAGAACGTC-GT-CCGTG---  171 
AB211267  CCCTC-TAACACCTGTGTGCACCCGCTGT--AGGTCC-TTAGGGACCT--  --ATGTCTTCTTCGAACT-CGCATGTCTACAGAACGTC-GT-CCGTG---  173 
AF374719  CTCTC-TCACACCCGTGTGCACCCATTCGCAAGGTCC-TCCGGGACCTGC  GCATCCTATCGTGGAACTCCGCATGTCTACAGAATGTC-AT---GAA---  163 
CY1042  CCTTCTTCACACCCGTGTGCACCCGCTGT--AGGTCCTTCGGGATCCTAC  GTCTTCGCTC-TCGAACT-CGCATGTCTACAGAATGTCCATGTCGTGTCG  191 
CY1043  CCCTTTG-ACACCGGTGTGCACCCGCCGT--AGGTCC-TTCGGGACATAT  GTCTTCTCT-TTCGAACT-CGTATGTCTACAGAACGTAT----CGCGTCG  164 
CY1045  CCCTTTCCACACCT-TGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGGATGTCTACAGAGTGTATGCTTCGTGTCT  154 
CY1046  CCCTTTG-ACACCGGTGTGCACCCGCCGT--AGGTCC-TTCGGGACCTAT  GTCTTCTCT-TTCGAACT-CGTATGTCTACAGAACGTAT----CGCGTCG  164 
CY1047  CCCTTTG-ACACCGGTGTGCACCCGCCGT--AGGTCC-TTCGGGACCTAT  GTCTTCTCT-TTCGAACT-CGTATGTCTACAGAACGTAT----CGCGTCG  165 
CY2045  TTGCTCCTCG----GA--CCCTCCGAAGCTTTGACCTCGT-CGACACCTT  TGTGCACCTGCTGT--AGGTCC-TTCGGGGCCTATGTCCTTCTCCTTCGA  178 
CY2047  CCCTATGCACACC-TAGAGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGTGTCT  154 
CY2048  CCCTTTCCACACC-TTGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGTGTCT  154 
CY2049  CCCTTTCAACACCCTTGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCCTCGCGTCT  176 
CY2054  CCCTTTCAACACCCTTGTGCACTCGCTGT--AGGTCC-CTCGGGATATAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGCGTCT  169 
CY2056  CCCTTTCCACACC-TTGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGTGTCT  154 
CY2057  CCCTTTCCACACC-TTGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGTGTCT  154 
CY2058  CCTTTGAAAACCC-TTGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGTGTCT  150 
CY2060  CCCTTTCCACACC-TTGTGCACTCGCTGT--AGGTCC-CTCGGGATCTAC  GTCTCCC---TTCGAACT-CGCATGTCTACAGAATGTATGCTTCGTGTCT  154 
CY2063  AGCCCTCCTAACACCTGGG--CACCCACTGT--GGGTCCCTTAGGGACCT  ----ATATATTTTTCGAACTGCGCATGTCTACAGAATGTT-GTTCCGCG-  180 
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  210       220       230       240       250  260       270       280       290       300  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  CTCCGGCGAG-----GGGG--------CTAAAGCGC----CCCCATACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  246 
AB099901  ----------ACCTCGGTCACAG-----GAAACC-T-------AATACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  247 
AB211267  ----------ACCTCGGTCACAG-----GAAACC-T-------AATACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  249 
AF374719  ----------ATTT--GAAAC-------GAG----T-------AATACAA  CTTTCAGCAACGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  232 
CY1042  ACCCGCGTCCGCGTCGGCGACCG-----CAAACCTT-------TGTACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  278 
CY1043  CTCCGGCGAC-----GGG---------CTAAAGCGC----CCCCATACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  245 
CY1045  CGACTTCGACCCCCAGGGTCCCGCGTCGAAGACCGTGAAACCGAATACAA  CTTTCAGCGACGGAATTTCCGTGATCTCAGATCTTTGAA---CGCACC--  249 
CY1046  CTCCGGCGAC-----GGG---------CTAAAGCGC----CCCCATACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGA  245 
CY1047  CTCCGGCGAC-----GGG---------GTAAAGCGC----CCCCATACAA  CTTTCAGCAATGGA-TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCAA  246 
CY2045  ACT-CGCATGTCCACAGGATGTA-TT-GCGTC-------------GCTTC  GGTGAGGTC---TGAAACC-T-------TATACAATTTTCAGCAATGGA-  250 
CY2047  CGACCTCGACCCCCAGGGTCCCGCGTCGAAAACCGTGAAAC-GAATACAA  CTTTCAGCGACGGA-TCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGA  252 
CY2048  CGACCTCGACCCCCAGGGTCCCGCGTCGAAGACCGTGAAAC-GAATACAA  CTTTCAGCGACGGA-TCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGA  252 
CY2049  CGGCCTCGACCCCCAGGGTCCCGCGTCGAAGACCGTGAAA-TCAATACAA  CTTTCAGCAACGGA-TCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGA  274 
CY2054  CGGCCTCGACCCCCAGGGTCCCGCGTCGAAGACCGTAAAACTCAATACAA  CTTTCAGCAACGGA-TCT-TTGGCTCTCGCATCGATGAAGAACGCAGCGA  267 
CY2056  CGACCTCGACCCCCAGGGTCCCGCGTCGAAGACCGTGAAAC-GAATACAA  CTTTCAGCGACGGA-TCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGA  252 
CY2057  CGACCTCGACCCCCAGGGTCCCGCGTCGAAAACCGTGAAAC-GAATACAA  CTTTCAGCGACGGA-TCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGA  252 
CY2058  CGACCTCGACCCTCAGGGTCCCGCGTCGAAGACCGTGGAAC-GAATACAA  CTTTCAGCGACGGA-TTTTTTGGCTT--GCATCGATGAAGAACGCAGCGA  246 
CY2060  CGACCTCGACCCCCAGGGTCCCGCGTCGAAGACCGTGAAACCGAATACAA  CTTTCAGCAACGGA-TCTCTTGGCTCTCGCATCAATAAAAAACGCACCGC  253 
CY2063  ------------ACTTCGGTCGCAG-----GAAACCCT-------AAAAC  AACTTTCAGCAATGGA-TTTCTTGGCTCTCGCATCGATGAAGGACGCAGC  255 
       
       
  310       320       330       340       350  360       370       380       390       400  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  346 
AB099901  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  347 
AB211267  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTTGAGT  349 
AF374719  ATTGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  332 
CY1042  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTTGAGT  378 
CY1043  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  345 
CY1045  -TTGCGATAACTCCTTGGTATTGCAGATTTTCCGAGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  348 
CY1046  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  345 
CY1047  ATCGCGATAACTAATGTGAATTGCAAATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGT  346 
CY2045  TCTCTTGGCTCTCGCATCGATGAAGGACGCAGCGAATTGCGATAAGTAAT  GTGAATTGCAGATTTTCCGTGAATCATCGAATCTTTGAACGCACCTTGCG  350 
CY2047  TTCGCGTTAAGTA-TGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  351 
CY2048  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCTCCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  352 
CY2049  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  374 
CY2054  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  367 
CY2056  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  352 
CY2057  ATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCCAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  352 
CY2058  AT-GCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  345 
CY2060  GAGGCCGTAAGTAATGTGAATTGCAAATTTTCCGTGAATCATCAAATCTT  TGAACGCACCTTGCGCTCCTCGGTATTCCGAGGAGCATGCCTGTTCGAGT  353 
CY2063  GAATCGCGATAAGTCATGTGAATTGCAGATTTTCCGTGAATCATCGAATC  TTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGA  355 
       
       
  410       420       430       440       450  460       470       480       490       500  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  GTCATCGAAACCTC-GAACCCAAAGCGTCCTTCGATCC--GTCGGAGCTT  TGTTTTCGGACCATGGGAGCATGCGGGCG-------GC---------GAC  427 
AB099901  GTCATCGAAACATC-AGATCGAAG----CTTTCGACCT-CGTCGGAGCTC  GGTTT-GGACTTGTGGGAGTCTGCGGGCG-AACCTCCCGTCGGGGGGGAC  439 
AB211267  GTCATCGAAACATC-AGATCGAAG----CTTTCGACCT-CGTCGGAGCTC  GGTTT-GGACTTGTGGGAGTCTGCGGGCGGAACCTCCCGTCGGGGGGGAC  442 
AF374719  GTCATCGAAATCTC-GAACCGA------------GCCT-CTTTTGACTTG  GTTTC-GGACCGTTGGGAGTCTGCGGGCG--ACCCGCCAT---GGG--AC  410 
CY1042  GTCATCGAAATCTC-GAACCGAAG----CCTTCGATCC-GTTCGAAGCTC  GGTCT-CGGAACGTGGGGGTCTGCGGGCG--------------GCG--AC  455 
CY1043  GTCATCGAAACCTC-GAACCCAAAGCGTCCTTCGATCC--GTCGGAGCTT  TGTTTTCGGACCATGGGAGCATGCGGGCG-------GC---------GAC  426 
CY1045  GTCATCGAAACCTC-GAACCCAAAGCGTCCTTCGATCC--GTCGGAGCTT  TGTTTTCGGACCATGGGAGCATGCGGGCG-------GC---------GAC  429 
CY1046  GTCATCGAAACCTC-GAACCCAAAGCGTCCTTCGATCC--GTCGGAGCTT  TGTTTTCGGACCATGGGAGCATGCGGGCG-------GGA--------GAC  427 
CY1047  GTCATCGAAACCTC-GAACCCAAAGCGTCCTTCGATCC--GTCGGAGCTT  TGTTTTCGGACCATGGGAGCATGCGGGCG-------GC---------GAC  427 
CY2045  CTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATCGAAACCTCG  AAACCGAAG-----------T----GTTTGACCTCGGTTT-CGGACCATG  434 
CY2047  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACC--GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCGT----CGCTAC  431 
CY2048  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCT-GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCGT----CGCTAC  433 
CY2049  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCT-GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCCT----CGCTAC  455 
CY2054  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCTCGGTCCGAGCTT  CGTT--CGGACGGTGGGAGTCTGCGGGCGA------GCTT----TGCTAC  449 
CY2056  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCC-GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCGT----CGCTAC  433 
CY2057  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCT-GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCGT----CGCTAC  433 
CY2058  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCC-GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCGT----CGCTAC  426 
CY2060  GTCATCGAAATCTC-GAATCGAAG-----CTTGGACCT-GGTCCGAGCTT  CGTT--CGGACAGTGGGAGTCTGCGGGCGA------GCGT----CGCTAC  434 
CY2063  GTGTCATCGAAACATC-AGATCGAAG----CTTTCGACCT-CGTCGGAGC  TCGGTTT-GGACTTATGGGAGTCTGCGGGCG-AACCTCCCGTCGGGGGG-  446 
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  510       520       530       540       550  560       570       580       590       600  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  GTCGGCTCTCCTCAAAAGCATTAGCTGTGGGCGTCGAGCCTTGCGCGACA  CACGGCCTCGTTCGACGTCGTAAACGATCGTCGTGGGCTGGAGGCGCG--  525 
AB099901  GTCGGCTCTCCTCAAAAGCATTAGTGTTGGGTGCG-AGCCTCGCGTGGCA  C--GGCCT-CTTCGACGTCATAAT-GACCGTCGTGGGCTGGAAGTGCGTG  534 
AB211267  GTCGGCTCTCCTCAAAAGCATTAGTGTTGGGTGCG-AGCCTCGCGTGGCA  C--GGCCT-CTTCGACGTCATAAT-GACCGTCGTGGGCTGGAAGTGCGTG  537 
AF374719  GTCGGCTCTCCTGAAATGCATTAGCG---GGTGGG---C---GCGTGACC  C--CTGCCCCTTCGACGTCATAAT-GATCGTCGTGGGC--GAAC---GA-  492 
CY1042  GTCGGCTCCCCTCAAACGCATCAGCTGTGGGCACC-AACCCTGCGTGGCA  C--GGCCT-CCCCGACGTCGTAAC-GATCGTCGTGGGCTGGAAGCGCAGT  550 
CY1043  GTCGGCTCTCCTCAAAAGCATTAGCTGTGGGCGTCGAGCCTTGCGCGACA  CACGGCCTCGTTCGACGTCGTAAACGATCGTCGTGGGCTGGAGGCGCG--  524 
CY1045  GTCGGCTCTCCTCAAAAGCATTAGCTGTGGGCGTCGAGCCTTGCGCGACA  CACGGCCTCGTTCGACGTCGTAAACGATCGTCGTGGGCTGGAGGCGCG--  527 
CY1046  GTCGGCTCTCCTCAAAAGCATTAGCTGTGGGCGTCGAGCCTTGCGCGACA  CACGGCCTCGTTCGACGTCGTAAACGATCGTCGTGGGCTGGAGGCGCG--  525 
CY1047  GTCGGCTCTCCTCAAAAGCATTAGCTGTGGGCGTCGAGCCTTGCGCGACA  CACGGCCTCGTTCGACGTCGTAAACGATCGTCGTGGGCTGGAGGCGCG--  525 
CY2045  GGAGTCTGCGGGCG---------------GCA-ACGTCGGCTCTCCTCAA  AAGCATTAGCTGTGGGTGCG-AGCCTTGCGTGGCAC--GGCCTCTTCCGA  515 
CY2047  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  525 
CY2048  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  527 
CY2049  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  549 
CY2054  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTCGCATGGCA  C--GGCCTC-TTCGACGTCATAAT-GATCGTCGCGGGCTGGAAGTGCGA-  543 
CY2056  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  527 
CY2057  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  527 
CY2058  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  520 
CY2060  GTCCGCTCTCCTCAAAAGCATTAGCCGTGGACGCC-AGCCTTGCATGGCA  C--GGCCTC-TTCGACGTCGTAAT-GATCGTCGCGGGCTGGAAGTGCGA-  528 
CY2063  ACGTCGGCTCTCCTCAAAAGCATTAGCGTTGGGTGCG-AGCCTCG-GTGG  CAC--GGCCTTCTTCGACGTCATAAT-GACCGTCGTGGGCTGGAAGTGCG  541 
       
       
  610       620       630       640       650  660       670       680       690       700  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----| 
AB099900  ---CGCGGACGGACTA----GT-CCCCACGT--CGCAACCT-----TCTG  CGGG--ACGACCGCACGT-AACCAAGGCTTGACCTCnnnnnnnnnnnnnn  593 
AB099901  GATCGTAGAT-GCCCGT-CGCTCTCC--AACTCTGCGAGCC----CGGTC  CGTCCGGCCGCGTGTTAT----CGAAGCTTGACCTCnnnnnnnnnnnnnn  608 
AB211267  GATCGTAGAT-GCCCGT-CGCTCTCC--AACTCTGCGAGCC----CGGTC  CGTCCGGCCGCGTGTTAT----CGAAGCTTGACCTCAAATCAGGTAGGAC  625 
AF374719  -ACCGTGT----CCCG--CGCT-TCTCTAACTCGGC-AGAG----GGGAG  CTTTCGTGCTCTTCTCCTGCCTCCAAGGTnnnnnnnnnnnnnnnnnnnnn  558 
CY1042  GATCGGCGAT--CCCAT--GCTTTCC--AACCTTTT--------------  --TCTCGAAGCTTGACCT----CAAATCA-GACAGCGCACCCGCCGAACT  623 
CY1043  ---CGCGGACGGACTA----GT-CCCATGCTATCGCAACCT-----TCTG  CGGG--ACGACCGCACGT-AACCAAGGCTTGACTTCAAATGAC—CAGGA  606 
CY1045  ---CGCGGACGGACTA----GT-CCCATGCT-TCGCAACCT-----TCTG  CGGG--ACGACCGCACGT-AACCAAGGCTTGACCTCAAATCAGG-CAGGA  609 
CY1046  ---CGCGGACGGACTA----GT-CCCATGCT-TCGCAACCT-----TCTG  CGGG--ACGACCGCACGT-AACCAAGGCTTGACCTCAAATCGG—GAGGA  606 
CY1047  ---CGCGGACGGACTA----TT-CCCATGCT-TCGCAACCT-----TCTG  CGGG--ACAACCGCACTT-AACCAAGGCTTGACCTCAAATCAGG-CAGGA  607 
CY2045  CGTCGTAGT-GATCGTCGTGGGCTGGAAGCGCAATGGCCGGCATG-TCCC  AT--GCT-TCCC-AACTCTGTGCGAG------TCCCGTCCGTCGGGTGCG  603 
CY2047  -GGCGTGGACCGACCAC--GCT-TCCCTAGACTTGCGAGCC---------  -GGG-AACGGCCGCGCCCCCATCGATGCTTGACCTCGAATCAGG-TTGGA  609 
CY2048  -G-CGTGGAC-GACCAC--GCT-TCCCTAGACTTGCGAGCC---------  -GGG-AACGGCCGCGCCCCCATCGATGCTTGACCTCGAATCAGG-TAGGA  609 
CY2049  -GGCGGGGACCGACCAC--GCT-TCCCTAGACTTGCGAGCCCGTTCTCCT  CGGGGAACGGCCGCGCCCCCATCGATGCTTGACCTCGAATCAGG-TAGGA  644 
CY2054  -GGCAGG-ACCGACCAC--GCT-TCCCTAGACTTGCGAGCCCGTCCTTAT  CGGG-AACGGC-GCACCCCAATCGATGCTTGACCTCGAATCAGG-TAGGA  635 
CY2056  -GGCGTGGACCGACCAC--GCT-TCCCTAGACTTGCGAGCC---------  -GGG-AACGGCCGCGCCCCCATCGATGCTTGACCTCGAATCAGA-TAGGA  611 
CY2057  -GGCGTGGACCGACCAC--GCT-TCCCTAGACTTGCGAGCC---------  -GGG-AACGGCCGCGCCCCCATCGATGCTTGACCTCGAATCAGG-TAGGA  611 
CY2058  -GGCG-GGACCGACCAC--GCT-TCCCTAGACTTGCGAGCC---------  -GGG-AACGGCCGCGCCCCCATCGATGCTTGACCTCGAATCAGG-TAGGA  603 
CY2060  -GGCGTGGACCGACCAC--GCT-TCCCTAGACTTGCGAGCC---------  -GGG-AACGGCCGCGCCCCCATCGATGCTTGACCTCAAATCAGG-TAGGA  612 
CY2063  TGGATCGTAGAT-GCCCGTGCGCTCTCCCAAATTCTGCGAGCCA---CGG  TCCGTCCGGCCGCGTGTTGT----CCAAGCTTGACCTCATATTGAATGGG  633 
       
       
  710       720       730     
  ----|----|----|----|----|----|----|----     
AB099900  nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn     
AB099901  nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn     
AB211267  TACCCGCTGAATTTAA---GCATATCAATAAGCGAnnnn     
AF374719  nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn     
CY1042  TTATCCTCTCTATTAGC--GCATATCAATAAGCGGAGGA     
CY1043  CTACCCGTTG----------CATATCAATAAGCGGAGGA     
CY1045  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY1046  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY1047  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2045  CATGTATCAAGGCTTGACCTCAAATCAGGTAGGGACTAC     
CY2047  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2048  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2049  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2054  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2056  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2057  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2058  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2060  CTACCCGCCGAACTTAA--GCATATCAATAAGCGGAGGA     
CY2063  GCCCGCCCAAGAAAATTAAGGGCATATCAATAAGCGGAG     
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Table  A.4.    Alignment of  LSU region.  Collections of  “CY” codes  were sequenced in this  study 
(Chapter 3). These were compared with 9 sequences of Scleroderma from GenBank (“AF” code). An 
ITS sequence of Pisolithus arhizus (AF336262) was used as the outgroup. 
 
  10        20        30        40        50  60        70        80        90       100  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATT  TCGAATCTGGCGGCC-ATGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336263  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGTC-CTCGACCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336264  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-CTCGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336265  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGTC-CTGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336266  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGTC-CTCGGCCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336267  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGTC-CTCGGCCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336268  TAACAAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGTC-CTCGACCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336269  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGTC-TTCGGCCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336270  TAACGAGGATTCCCCTAGTAACTGCTAGTGAAGCGGGAAGAGCTCAAATT  TTGAATCTGGCGGTC-GTGGGCCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY1032  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GA-GGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY1035  TA-CGAGGATTCCC-TAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  97 
LSUCY1042  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCCCGAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  100 
LSUCY2012  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2013  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GATGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2014  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAGGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2015  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAGGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2018  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAGGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2019  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2021  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2041  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAGGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2064  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGGCC-GAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY2071  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATT  TCGAATCTGGCGGTC-GATGGCCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
LSUCY3002  TAACGAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAGAGCTCAAATT  TCGAATCTGGCGACC-AAGGGTCGTCCGAGTTGTAATCTAGAGAAGCGTC  99 
AF336262  TAACAAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATT  TCGAATCTGGCGGTCCCTGGCCCGTCCGAGTTGTAATCTAGAGAAGCGTC  100 
       
       
  110       120       130       140       150  160       170       180       190       200  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  TTCCGCGCCGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGATCCTCCCGGTGCTTTTGTGATGCGCT  199 
AF336263  TTCCGCGCCGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCGGC-GC-TATGTGATGCGCT  196 
AF336264  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGAGCC--CAGG-GC-TATGTGATGCGCT  196 
AF336265  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TATGTGATGAGTT  197 
AF336266  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CC-CCAGG-GC-TATGTGATGCGCT  196 
AF336267  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGAACCGCCAGG-GC-TATGTGATGCGCT  197 
AF336268  TTCCGCGCCGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGACCC--CGGG-GC-TATGTGATGCGCT  196 
AF336269  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCGCCAGG-GC-TATGTGATGCGCT  197 
AF336270  TTCCGCGTCGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGACTTT-CGGG-GC-TATGTGATGCGCT  196 
LSUCY1032  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY1035  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  194 
LSUCY1042  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  197 
LSUCY2012  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2013  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCGCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2014  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2015  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2018  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2019  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2021  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2041  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2064  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCCCCAGC-GC-TCTGTGATGCGCT  196 
LSUCY2071  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CCGCCAGG-GC-TATGTGATGCGCT  196 
LSUCY3002  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCGTCGTAGAGGG  TGACAATCCCGTCTTCGACACGGA-CCTCCAGC-GCGTCTGTGATGCGCT  197 
AF336262  TTCCGCGCTGGACCGTGTACAAGTCTCCTGGAAGGGAGCATCGTAGAGGG  TGACAATCCCGTCTCTGACACGGA-CTCCCAGG-GC-TATGTGATGCGCT  198 Appendices 
Murdoch University 2006  - 176 - 
 
  210       220       230       240       250  260       270       280       290       300  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  299 
AF336263  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAGACT  CCATCTAAAGCTAAATACAGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
AF336264  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAAACT  CCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
AF336265  CTGGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAGACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  297 
AF336266  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAGACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
AF336267  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAAACT  CCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCGTG  297 
AF336268  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAAACT  CCATCTAAAGCTAAATACCGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
AF336269  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAGACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  297 
AF336270  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAAACT  CCATCTAAAGCTAAATACCGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY1032  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY1035  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  294 
LSUCY1042  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  297 
LSUCY2012  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2013  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2014  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2015  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2018  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2019  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2021  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2041  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2064  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACGGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY2071  TTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATCGGGTGGTAAACT  CCATCTAAAGCTAAATACTGGCGAGAGACCGATAGCGAACAAGTACCGTG  296 
LSUCY3002  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAATAGGGTGGTAAACT  CCATCTAAAGCTAAATACCGGCGAGAGACCGATAGCGAACAAGTACCGTG  297 
AF336262  CTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCCAATCGGGTGGTAAACT  CCATCTAAAGCTAAATACAGGCGAGAGACCGATAGCGAACAAGTACCGTG  298 
       
       
  310       320       330       340       350  360       370       380       390       400  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTTGACGTCAGTCGCGTCGTCCGGGGATCAACCC  399 
AF336263  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGACGTCAGTCGCGTCGTCCGGGGATCAACCT  396 
AF336264  AGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGATGTCAGTCGCGTCGACCGGGGATCAACCT  396 
AF336265  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTAGACGTCAGTCGCGTCGTCCGGGGATCAACCT  397 
AF336266  AGGGAAAGATGAAAAGGACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGACGTCAGTCGCGTCGTCCGGGGATCAACCT  396 
AF336267  AGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGATGTCAGTCGCATCGTCCGGGGATCAACCT  397 
AF336268  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGAAGTCAGTCGCGTCGCCCGGGGATCAACCC  396 
AF336269  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGACGTCAGTCGCGTCGTCCGGGGATCAACCT  397 
AF336270  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGAAGTCAGTCGCGTCGGCCGGGGATCAACCT  396 
LSUCY1032  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY1035  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  394 
LSUCY1042  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  397 
LSUCY2012  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2013  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2014  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2015  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2018  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2019  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2021  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2041  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2064  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  396 
LSUCY2071  AGGGAAAGATGAAAAGGACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTGATGTCAGTCGCGTCGTCCGGGGATCAACCT  396 
LSUCY3002  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  CGCTGGAAGGGAAACGCTCGACGTCAGTCGCGTCGTCCGGGGATCAACCC  397 
AF336262  AGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT  TGCTGGAAGGGAAACGCTTCAAGTCAGTCGCGTCGGCCGGGGATCAACCT  398 
       Appendices 
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  410       420       430       440       450  460       470       480       490       500  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  TGCTTC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GTTCGTCGTAGAAGGACGGGAG-TGAATGTGGCGCT-CTTCGGAGCGCGT  495 
AF336263  TGCTTC-TGGCTGGGCGTATTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-TGAATGTGACACT-CTTCGGAGTGTGT  492 
AF336264  TGCTTC-TAGCTGGGCGTATTTCCTGGTA-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGGCGGGAG-CGAACGTGGCACT-CTCCGGAGTGTGT  492 
AF336265  TGCTTC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-TGAATGTGGCACT-CCTCGGAGTGTGT  493 
AF336266  TGCTTC-TAGCTGGGCGTATTTCCTGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAACGTGGCACT-CTTCGGAGTGTGT  492 
AF336267  TGCTTC-TTGCTGGGCGTATTTCCTGGTC-GATGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGGCGGGAG-CGAACGTGGCACT-CTCCGGAGTGTGT  493 
AF336268  TGCTCT-CAGCTGGGCGTATTTCCCGGAC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACT-CTCCGGAGTGTGT  492 
AF336269  TGCTTC-TCGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAACGTGGCACT-CTTCGGAGTGTGT  493 
AF336270  TGCTTC-TTGCTGGGCGTATTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAACGTGGCACT-CTCCGGAGTGTGT  492 
LSUCY1032  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY1035  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  490 
LSUCY1042  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  493 
LSUCY2012  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2013  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-TGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2014  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-TGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2015  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAGCTGAATGTGGCACC-CCTCGGAGTGTGT  493 
LSUCY2018  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-TGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2019  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2021  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2041  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2064  TGCTGC-TAGCTGGGCGTACTTCCCGGTC-GACGGGTCAGCATCGATTTC  GGCCGTCGTAGAAGGACGGGAG-CGAATGTGGCACC-CCTCGGAGTGTGT  492 
LSUCY2071  TGCTTC-TCGCTGGGCGTATTTCCCGGTA-GACGGGTCAGCATCGATTTC  GATCGTCGTAGAAGGACGGGAG-CGAACGTGGCACT-CTCCGGAGTGTGT  492 
LSUCY3002  TGCCTCCTGGCTGGGCGTACTTCCCGGGCCGACGGGTCAGCATCGATTTC  GACCGTCGTAGAAGGACGGGAG-CGAACGTGGCACTTCTTCGGAGTGTGT  496 
AF336262  TGCTTC-TTGCTGGGCGCATTTCCTGGTC-GACGGGTCAGCATCGATTTC  GGTCGTCGTACAAGGGTGGAAG-CGAACGTGGCACT-CCTCGGAGTGTGT  494 
       
       
  510       520       530       540       550  560       570       580       590       600  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  TATAGCCTTTCGTATGGATGCGATGGTT-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGACTT-TGGTCCACGC-AGCGTGCCCAGGA  590 
AF336263  TATAGCCTCCCGTATGGATGCGACGGCC-GGGATCGAGGAACTCGGCACG  ACCCC-TCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  586 
AF336264  TATAGCCTCCCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCC-TCGA--GGGTTCGGGACTT-CGGTCCACGT-AGCGTGCCCAGGA  586 
AF336265  TATAGCCTCTCGTATGGATGCGACGGCC-GGGATCGAGGAACTCGGCACG  ACCCCTTCAA---GGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  587 
AF336266  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCC-TCCA--GGGTTCGGGGCTT-CCGTCCACGTTACCGTGCCTAGGA  587 
AF336267  TATAGCCTCTCGTATGGATGCGACGGCC-GGGATCGAGGAACTCGGCGCG  ACCCC-TCGA--GGGTTCGGGGCTT-CGGTCCACGT-GGCGTGCCTAGGA  587 
AF336268  TATAGCCTTCCGTATGGATGCGATGGCG-GGGATCGAGGAACTCGGCACG  ACCCC-TCGA--GGGTTCGGGGCTT-CGGCCCACGT-GGCGTGCCCAGGA  586 
AF336269  TATAGCCTCTCGTACGTATGCGATGGTC-GGGATCGAGGAACTCCGCACG  ACCCC-TCCA--AGGTTCGGGGCTT-CCGTCCACGT-AGCGTGCCCAGGA  587 
AF336270  TATAGCCTCCCGTATGGATGCGATGGTG-GGGATCGAGGAACTCGGCACG  ACCCC-TCGA--GGGTTCGGGGCTTTCGGCCCACGT-CACGTGCCCAGGA  587 
LSUCY1032  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  587 
LSUCY1035  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  585 
LSUCY1042  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  588 
LSUCY2012  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  587 
LSUCY2013  TATAGCCTCTCGTATGGATGCGATGGCCTGGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGCTGGCGTGCCCAGGA  589 
LSUCY2014  TATAGCCTCTCGTATGGATGCGATGGAA-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGT-GGCGTGCCCAGGA  587 
LSUCY2015  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  588 
LSUCY2018  TATAGCCTCTCGTATGGATGCGATGGCT-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGT-GGCGTGCCCAGGA  587 
LSUCY2019  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  587 
LSUCY2021  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  587 
LSUCY2041  TATAGCCTCTCGTATGGATGCGATGGCT-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGT-GGCGTGCCCAGGA  587 
LSUCY2064  TATAGCCTCTCGTATGGATGCGATGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGA--GGGTTCGGGGCTT-CGGTCCACGC-GGCGTGCCCAGGA  587 
LSUCY2071  TATAGCCTTCCGTATGGATGCGATGGTT-GGGATCGAGGAACTCGGCACG  GCCCC-TCGA--GGGTTCGGGGCTT-CGGCCCACGT-AGCGTGCCCAGGA  586 
LSUCY3002  TATAGCCTCTCGCACGGATGCGACGGCC-GGGATCGAGGAACTCGGCACG  ACCCCCTCGAAGGGGTTCGGGGCTT-CGGCCCACGC-GGCGTGCCCAGGA  593 
AF336262  TATAGCCTCTCGCACGCATGCGACGACT-GGGATCGAGGAACTCAGCACG  ACCCC-TCGG---GGTTCGGGGCTT-CGGCTCACGT-CCCGTGCTTAGGA  587 
       Appendices 
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  610       620       630       640       650  660       670       680       690       700  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  TGCTGGCGTAATGGCTT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  687 
AF336263  TGCTGGCATAATGGCTT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTCGGGTGCAAAACCCGGGCGCGCAACG  683 
AF336264  TGCTGGCGTAATGGCCT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCCAAC-ATGCCTGCGAGTGTTTGGGCGGAAAACCCGGGCGCGTAATG  683 
AF336265  TGCTGGCGTAATGGCTT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTTGGGCGGAAAACCCGAGCGCGCAACG  684 
AF336266  TGCTGGCGTAATGGCTT-TAAGCGACCCGTCTT-GAAACCCGGACCAAGG  AGTCCAAC-GTGCCTGCGAGTGTTTGGGCGGAAAACCCGAGCGCGCAACG  684 
AF336267  TGCTGGCCTAATGGCCT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCCAAC-ATGCCTGCGAGTGTTTGGGCGGAAAACCCGAGCGCGTAATG  684 
AF336268  TGCTGGCGTAATGGCTT-TAAGCGACCCGTCTTTGAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAATG  684 
AF336269  TGCTGGCGTAATGGCTT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTCGGGCGGAAAACCCGAGCGCGCAACG  684 
AF336270  TGCTGGCGTAATGGCTT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAATG  684 
LSUCY1032  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY1035  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  682 
LSUCY1042  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  685 
LSUCY2012  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2013  TGCTGGCGTAATGGCTTCTGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAACGATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  688 
LSUCY2014  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2015  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  685 
LSUCY2018  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2019  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2021  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2041  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2064  TGCTGGCGTAATGGCTT-TGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGCAACG  684 
LSUCY2071  TGCTGGCGAAATGGCTT-TAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTCGGGCGTAAAACCCGTGCGCGTAATG  683 
LSUCY3002  TGCTGGCGTAATGGCTT-CGAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-GTGCCTGCGAGTGTTCGGGCGGAAAACCCGAGCGCGCAACG  690 
AF336262  TGCTGGCATAATGGCTT-CAAGCGACCCGTCTT-GAAACACGGACCAAGG  AGTCTAAC-ATGCCTGCGAGTGTTTGGGTGCAAAACCCGGGCGCGCAATG  684 
       
       
  710       720       730       740       750  760       770       780       790       800  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  AAAGTGAAAGTCGAGACCTTCGTCGTGGAGGGCACCGACGCCCGGACCGA  AGCCTTTGGCGATGGATCCGCGGTGGAGCATGTATGTTGGGACCCGAAAG  787 
AF336263  AAAGTGAAAGTCGAGACCTCCGTCGCGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTAGAGCATGTATGTTGGGACCCGAAAG  783 
AF336264  AAAGTGAAAGTCGGGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTAGAGCAAGTATGTTGGGACCCGAAAG  783 
AF336265  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
AF336266  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
AF336267  AAAGTGAACGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCCGCGGTAGAGCAAGTATGTTGGGACCCGAAAG  784 
AF336268  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTCTGGCGATGGATCTGCGGTAGAACATGTATGTTGGGACCCGAAAG  784 
AF336269  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGACGGATCTGCGGTAGAGCATGTATGTTGGGACCCGAAAG  784 
AF336270  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTAGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY1032  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY1035  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  782 
LSUCY1042  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  785 
LSUCY2012  AAAGTGAAAGTCGAGACCTTCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGTGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2013  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGTGATGGATCTGCGGTGGAGCATGTACGTTGGGACCCGAAAG  788 
LSUCY2014  AAAGTGAAAGTCGAGACCTTCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGTGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2015  AAAGTGAAAGTCGAGACCTTCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGTGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  785 
LSUCY2018  AAAGTGAAAGTCGAGACCTTCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2019  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2021  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2041  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2064  AAAGTGAAAGTCGAGACCTCCGTCGTGGAGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
LSUCY2071  AAAGTGAAAGTCGAGACCCTCGTCGTGGGGGGCACCGACGCCCGGACCGG  AGCCTTTGGCGATGGATCTGCGGTAGAGCATGTATGTTGGGACCCGAAAG  783 
LSUCY3002  AAAGTGAAAGTCGAGACCTTCGTCGTGGAGGGCACCGACGCCCGGACCGA  AGCCTTCGGCGACGGATCCGCGGTGGAGCGTGCACGTTGGGACCCGAAAG  790 
AF336262  AAAGTGAAAGTTGAGACCTCTGTCGCGGAGGGCACCGACGCCCGGACCTG  AGCCTTTGGTGACGGATCTGCGGTGGAGCATGTATGTTGGGACCCGAAAG  784 
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  810       820       830       840       850  860       870       880       890       900  
  ----|----|----|----|----|----|----|----|----|----|  ----|----|----|----|----|----|----|----|----|----|   
AF261533  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  887 
AF336263  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGTTATAGGG  883 
AF336264  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  883 
AF336265  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
AF336266  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
AF336267  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGCATAGGG  884 
AF336268  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
AF336269  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
AF336270  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY1032  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY1035  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  882 
LSUCY1042  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  885 
LSUCY2012  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2013  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  888 
LSUCY2014  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2015  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  885 
LSUCY2018  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2019  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2021  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2041  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2064  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
LSUCY2071  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  883 
LSUCY3002  ATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  890 
AF336262  ATGGTGAACTATGCCTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAG  GCTCGTAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGG  884 
       
  910       920         
  ----|----|----|----|----|     
AF261533  GCGAAAGAC-TAATCGAACCGT    908 
AF336263  GGGAAAGAC-TAATCGAACCAT    904 
AF336264  GCGAAAGAC-TAATCGAACCAT    904 
AF336265  GCGAAAGAC-TAATCGAACCAT    905 
AF336266  GCGAAAGAC-TAATCGAACCAT    905 
AF336267  GCGAAAGAC-TAATCGAACCAT    905 
AF336268  GCGAAAGAC-TAATCGAACCAT    905 
AF336269  GCGAAAGAC-TAATCGAACCAT    905 
AF336270  GCGAAAGAC-TAATCGAACCAT    905 
LSUCY1032  GCGAAAGAC-TAATCGAACCGT    905 
LSUCY1035  GCGAAAGAC-TAATCGAACCGT    903 
LSUCY1042  GCGAAAGAC-TAATCGAACCGT    906 
LSUCY2012  GCGAAAGAC-TAATCGAACCAT    905 
LSUCY2013  GCGAAAGAC-TAATCGAACCGT    909 
LSUCY2014  GCGAAAGAC-TAATCGAACCGT    905 
LSUCY2015  GCGAAAGAC-TAATCGAACCGT    906 
LSUCY2018  GCGAAAGAC-TAATCGAACCGT    905 
LSUCY2019  GCGAAAGACCTAATCGAACCGT    906 
LSUCY2021  GCGAAAGAC-TAATCGAACCGT    905 
LSUCY2041  GCGAAAGAC-TAATCGAACCGT    905 
LSUCY2064  GCGAAAGAC-TAATCGAACCGT    905 
LSUCY2071  GCGAAAGAC-TAATCGAACCGT    904 
LSUCY3002  GCGAAAGAC-TAATCGAACCGT    911 
AF336262  GCGAAAGAC-TAATCGAACCAT    905 
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APPENDIX VIII 
 
Spore viability and germination of Scleroderma 
 
Basidiospores, taken from fresh sporocarps (15 collections) or air-dried herbarium (8 collections) 
of  Scleroderma  collected  from  eucalypt  plantations  in  Western  Australia  and  south  China,  were 
suspended with sterile DI water to obtain a low concentration of spores (approx. 1000 spores ml
-1). 
Germination tests were performed in plastic Petri dishes (90 mm) containing 10 ml 0.8% water agar. 
One ml suspension was added on the surface of each Petri dish. Dishes were then put in dark in a 
temperature control room (25 
0C). There were 8 replicate dishes for each collection. Spore viability 
and germination rates were examined with an Olympus T2 Compound Microscope (approx. 0.5 cm
3 
agar mounted onto slides) on days 5, 15 and 25. Germination tubes were present in 16 collections of 
23  tested  on  day  15  and  18  on  day  25  (Figure  A.6).  Among  the  18  collections  where  spores 
germinated, the viability varied from 0.1 to 0.8%. 
 
 
 
Figure A.6.    Germination tubes (arrows) from basidiospores of Scleroderma were present on day 25 
(Bar=20 µm). Appendices 
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APPENDIX IX 
 
Height growth of eucalypts in spore storage experiment 
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Figure A.7.    Effects of spore inoculation of three Scleroderma species (S. albidum, S. areolatum and 
S. cepa) on shoot height growth of E. globulus (a) and E. urophylla (b) at weeks 4, 6, 8, 10 and 12. 
Mean  SE  bars  are  given.  Spores  were  fresh  (FS),  or  stored  at  room  temperature  (RT)  or  low 
temperature (LT).   
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